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ABSTRACT 


An experimental study was conducted to determine the effects of 
freestream turbulence on airfoil boundary layer behavior. Freestream 
turbulence intensity levels up to approximately 4% and length scales up 
to approximately two inches were generated using turbulence-generating 
grids. Data were collected using a single-wire hot-wire probe in 
conjunction with a three-dimensional traversing system. Increased levels 
of freestream turbulence were found to cause correspondingly earlier 
transition to a turbulent boundary layer. Boundary layer growth was 
found to be unaffected by freestream turbulence levels up to 4% at 
length scales an order of magnitude greater than the boundary layer 
thickness. For length scales on the order of boundary layer thickness, a 
12% increase in the turbulent boundary layer thickness was found with 


an increase in turbulence intensity from 0.23% to 0.5%. 
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I. INTRODUCTION 


A. BACKGROUND 

In recent years, interest in low Reynolds number aerodynamics has 
risen dramatically due to the changing flight regimes of today's flight 
vehicles. Low Reynolds numbers are typically thought of as being 
500,000 or less and occur when there is a low free-stream velocity, low 
air density (high altitude), or a small airfoil chord normally associated 
with high aspect ratio wings. 

Within the civilian community, the growing popularity of radio- 
controlled model aircraft, sailplanes, and manned ultra-lights has resulted 
in a myriad of slow-flight high aspect ratio aircraft designed specifically 
for flight in the low Reynolds number regime. Additionally, the recent 
successes of such experimental aircraft as the man-powered Gossomer 
Condor and the record-setting Voyager have demonstrated the feasibility 
of efficient low Reynolds number flight and have sparked renewed 
interest in research and development in this field. [Ref. 1] 

Military interest, too, is at an all-time high due to the increased 
operational role projected for Remotely Piloted Vehicles (RPVs). In the 
past, the role of the military RPV has been limited to such missions as 
target drone and weather reconnaissance. However, given the ever- 
increasing cost per flight hour for manned aircraft, in both materials and 


manpower, military strategists and long-range planners are now taking a 


much closer look at the utilization of the RPV in support of manned 
flight operations. The future role of the military RPV now includes such 
missions as communication relay, aircraft identification and tracking, 
laser target identification, defense suppression, long-range open-ocean 
surveillance, and photo/radar imagery [Ref 1]. Flight profiles for these 
unmanned vehicles will be dictated by the particular mission assignments 
and will include extended flight at high altitude, low speed flight at low 
altitude, or combinations of both. All profiles will result in low Reynolds 


numbers. 


B. TURBULENCE 

Flow in which there are random, small-scale velocity fluctuations 
about the mean freestream flow velocity is said to be turbulent. In order 
to characterize the amount of turbulence present in the flow field, two 
parameters are normally used. The first, turbulence intensity (T,), is 
normally expressed as a percentage and used as a measure of the 
relative magnitude of the velocity fluctuations. Turbulence intensity is 
defined as the root-mean-square (rms) value of the fluctuations divided 
by the mean velocity of the flow field. [Ref. 2] 

The second term used in characterizing turbulence is the turbulence 
length scale. The length scale is used to describe the dimensional 
parameters of the fluctuations, i.e. space and time, relative to the size of 
the body in the flow field. Large length scale perturbations are 


considered to be of a size comparable to or larger than the body. Since 


velocity perturbations can be thought of as turbulent eddies existing in 
the flow field, large length scale values can be associated with large 
eddies that take a relatively long period of time to pass over the body in 
the flow field. Therefore, they tend to affect the entire body in the flow 
over a longer period of time than small length scale perturbations. This 
is analogous to changing the entire flow field for a relatively long period 
of time. 

Small length scale turbulence has a spatial dimension that is much 
smaller than the body in the flow field and its effects on the body are 
quite different from large length scale turbulence. Small length scale 
turbulence has a spatial dimension on the order of boundary layer 
thickness and its effects on the body are felt for very short periods of 
time. This type of turbulence effects only the flow around the body--not 
the body itself. Thus, boundary layer formation, transition, and 
separation are greatly affected by small length scale turbulence. 

[Refs. 2 and 3] 

Turbulence, to some degree, is present in all wind tunnels. Sources 
of the turbulence can be inherent to the tunnel (flow straighteners, 
turning vanes, or mechanical vibrations) or intentionally generated by 
using turbulence-generating grids [Refs. 4 and 5]. In his Master's thesis, 
Roane [Ref. 3] experimentally "mapped" the turbulence of the Naval 
Postgraduate School wind tunnel for four different turbulence generating 
grids. Figure 1 and Figure 2 show the wind tunnel's turbulence 


intensity and turbulence length scales as functions of position in the test 


section. With no grid installed, turbulence intensity in the wind tunnel 
is constant at 0.23% (not shown in Figure 1) [Ref. 3]. The grids used to 
generate wind tunnel turbulence will be discussed in more detail in the 


hardware section of this report. 


C. RELATED WORK 

Historically, the vast majority of aerodynamic research, and in 
particular research pertaining specifically to boundary layer studies, has 
been conducted in the high Reynolds number regime (Reynolds numbers 
in excess of 1,000,000). This research has resulted in a variety of very 
accurate flow-modelling techniques with which to mathematically predict 
wing performance prior to construction or wind tunnel testing. However, 
these modelling techniques, such as lifting-line theory, vortex-lattice 
theory, and wing panelling methods, are all inviscid flow modelling 
techniques based upon potential flow theory. They are independent of 
Reynolds number effects until combined with existing boundary layer 
codes. The effect of Reynolds numbers does not play a large role in 
solutions obtained with these flow-modelling techniques alone because 
they assume a "natural" boundary layer transition from laminar to 
turbulent flow. [Ref. 5] 

This natural boundary layer transition begins downstream of the 
leading edge and is usually located at or near the point of minimum 


pressure. In the high Reynolds number regime this natural boundary 
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Figure 1. Grid-Generated Turbulence Intensity [Ref. 3] 
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Figure 2. Grid-Generated Length Scale [Ref. 3] 


layer transition is not normally characterized by separated flow behavior. 
The attached laminar boundary layer transitions to an attached turbulent 
boundary layer. Separation will occur farther downstream when the 
attached turbulent layer can no longer overcome the adverse pressure 
gradient. [Ref. 5] 

Quite unlike high Reynolds number flow, transition at low Reynolds 
numbers from a laminar to a turbulent boundary layer is not a well- 
understood process. Several airfoils which operate efficiently at low 
Reynolds numbers, particularly the Wortmann FX 63-137, the Miley 
airfoil, and the Lissaman airfoil, exhibit a laminar separation region 
phenomenon during transition commonly referred to as the "laminar 
separation bubble". This phenomenon is characterized by a separation of 
the laminar boundary layer followed by transition to a turbulent shear 
layer (i.e., a "detached" boundary layer). This turbulent shear layer will, 
given the right conditions, reattach to the airfoil surface creating a 
separated "bubble" region between the laminar separation point and the 
turbulent reattachment point. The conditions required for reattachment 
are not yet fully understood. However, if the reattachment does occur, 
the overall performance of the airfoil is significantly increased over the 
performance of one in which the turbulent shear layer remains separated. 
This boundary layer phenomenon, though unique to low Reynolds number 
flows, has been experimentally demonstrated in only a relatively few 


cases. [Ref. 1] 


Brendel and Mueller [Refs. 6 and 7] have done extensive research in 
this field, particularly with the Wortmann airfoil. They have described 
two types of separation bubbles, short and long bubbles, and have shown 
these bubbles occupying up to 15% of the airfoil chord depending on 
experimental conditions. Schmidt, O'Meara, and Mueller investigated the 
NACA 66,-018 airfoil in the low Reynolds number regime and reported on 
several criteria influencing the formation and size of the laminar portion 
of the separation bubbles. Among the criteria cited in their report are 
chord Reynolds number and the freestream disturbance environment [Ref. 
9]. Crouch and Saric investigated separation bubbles on the Wortmann 
airfoil using hot-wire anemometry [Ref. 10]. Their research, conducted 
primarily at Reynolds numbers of approximately 150,000, shows that 
separation bubbles are generally smaller and are formed farther 
downstream with increasing Reynolds numbers. They concluded that 
disturbances within the boundary layer must reach a critical amplitude 
in order to trigger flow separation and bubble formation. 

Mueller gives an excellent summary of much of the research 
conducted in the low Reynolds numbers regime [Ref. 1]. His 
characterization of boundary layer behavior, particularly in relation to 
laminar separation bubbles, highlights the critical role played by these 
separation bubbles in overall airfoil performance and notes the 
importance of free stream parameters (velocity, turbulence, Reynolds 
numbers, etc.) on separation bubble formation and behavior. More 


experimental studies need to be undertaken in order to more fully 


understand these phenomena to effectively predict and control boundary 


layer behavior in low Reynolds number flow. 


D. PURPOSE OF EXPERIMENT 

The main purpose of this project is to investigate airfoil performance, 
specifically the boundary layer development and behavior, at low 
Reynolds numbers in the presence of high turbulence levels. The 
experimental Reynolds numbers will be approximately 500,000 and 
steady-state levels of freestream turbulence up to 4% will be generated 
using turbulence grids. Data collected will help to form a data base for 
follow-on research and testing at higher levels of both steady and 
unsteady turbulence. Additionally, experimental data can be utilized by 
Computational Fluid Dynamicists (CFD) working on algorithms to 
simulate actual flows at low Reynolds numbers with elevated levels of 


freestream turbulence. 


IL. EXPERIMENTAL APPARATUS 


A. EXPERIMENTAL HARDWARE 

The experimental hardware for this experiment can be divided into 
five major subdivisions. These are the wind tunnel, the wing/wing 
mount, the anemometry system, the 3-D traverser, and the turbulence 
grids. Each of these will be individually discussed in the following 
sections. 

1. Wind Tunnel 

The Naval Postgraduate School’s 32-inch by 45-inch low-speed 
wind tunnel was used during this research. The tunnel, shown 
schematically in Figure 3, is a single return tunnel measuring 64 feet in 
length with the width varying from 21.5 feet to 24.5 feet. The tunnel is 
powered by a 100 horsepower electric motor coupled to a three-bladed 
variable pitch fan by a four-speed Dodge transmission. [Ref. 4] 

As the flow moves downstream of the fan blades, it passes 
through one set of stators and three sets of turning vanes which turn the 
flow 270° for entry into the contraction cone and test section. The 
stators, more commonly called the flow straighteners, are designed and 
installed to remove the swirling velocities imparted to the flow by the 
fan. The turning vanes used are plane curved sheets with segmented 
trailing edges for minor flow adjustments. Working in conjunction, the 


stators and the turning vanes minimize tunnel turbulence. 





Sectlon B-B Sectlon A-A 


Figure 3. NPS Wind Tunnel Schematic Drawing [Ref. 4] 


In the settling chamber, where the tunnel cross section is the 
largest, the flow velocity is lower than any other place in the tunnel. 
Installed here are two additional fine-mesh wire screens, shown in Figure 
3, designed to smooth the flow even more. The screens are positioned 
six inches apart and effectively break down any large velocity 
perturbations (turbulence) into smaller ones that are quickly dissipated 


as heat energy. 
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The smoothed flow then enters the contraction cone leading into 
the test section. The function of the contraction cone is to accelerate the 
flow to the desired velocity in the test section. The contraction ratio of 
the NPS tunnel is approximately 10 to 1. 

The test section, which operates at atmospheric pressure due to a 
circumferential breather slot located just downstream, has a floor- 
mounted reflection plane and slightly divergent walls to compensate for 
the effective area contraction due to boundary layer growth along the 
walls of the wind tunnel. The reflection plane has a flush-mounted 
turntable and balance plate installed that was not utilized in this 
experiment. The test section also has a pitot-static system connected to 
an airspeed indicator, providing an indication of tunnel velocity. For this 
experiment, a separate pitot-static system was installed and used in the 
calibration procedure to be discussed in a later section. 

2. Wing/Wing Mount Assembly 

The airfoil originally selected for this experiment was the 
Wortmann FX 63-137. However, due to the unavailability of the 
Wortmann model at the time of testing, an alternate airfoil section was 
selected. "The airfoil chosen was a tail rotor section from a Bell 
helicopter. The tail rotor airfoil is shown in Figure 4 and the X-Y 
coordinates are given in Table A-1, Appendix A. It has a 10-inch chord 
and was cut to a 24-inch span, filled, sanded, smoothed, and 
finished with a coating of black lacquer paint. The black lacquer was 


chosen due to its reflectivity. 
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х/с 
Figure 4. Experimental Airfoil Section 


The reflectivity of the surface is important during hot-wire probe 
movements into the boundary layer. In order to get the probe as close as 
possible to the surface of the wing, the operator must look through a 
surveyor's transit scope as the probe and its reflection off the wing 
moved toward each other. By using graduated marking on the scope's 
reticle, it was possible to get the probe to within approximately 0.005 
inches of the surface. These graduated marks were also a useful tool in 
ensuring that boundary layer data originated from the same distance 
above the wing each time for each chord location chosen. It is noted 
here that additional tunnel lighting was required to clearly see both the 
probe and its reflection. Figure 5 shows the probe and its reflection as 


they appear just prior to a data collection run. 
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Figure 5. Hot-Wire Probe/Reflection 


The open ends of the 24-inch tail rotor section were capped with 
aluminum inserts containing round metal studs. The studs were inserted 
in and secured to the mounting bracket assemblies. 

The mounting brackets were designed by the author and 
manufactured by technicians at the Naval Postgraduate School. They are 
constructed of 1/4-inch and 1/2-inch aluminum and are mounted vertically 
in the wind tunnel from the reflection plane on the floor to the ceiling as 
shown in Figure 6. The leading edges of all sections of the brackets are 
rounded to minimize flow disturbance near the airfoil. A general rule-of- 
thumb noted here is that flow disturbance due to end plates may be 
evident up to approximately one chord length from the mount. All data 


collected during this experiment was taken at the mid-span of the airfoil 
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Figure 6. Wing/Wing Mount Installed in NPS Wind Tunnel 


section, a sufficient distance away from the mounts (approximately 1.2 
chord lengths). 

The metal studs on the airfoil endcaps were fitted into an 
adjustable portion of the mounting hardware capable of adjusting the 
angle-of-attack (AOA) from «35? to -15*. Figure 7 shows a side view of 
the wing mounts and the AOA adjustment ring. Graduated markings on 
the outer cylinder are used in conjunction with a fixed mark on the 
mount to set AOA. Data collected were taken at 6* AOA for this 


experiment. Six degrees was chosen to ensure boundary layer transition 
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` Figure 7. "Side View of Wi 





ng Mount 


at some point on the surface and to minimize the chance for separated 
flow (complete airfoil stall) over the airfoil surface. 
3. Hot-Wire Anemometry System 
Figure 8 shows the TSI Inc. IFA-100 Model 158 constant 
temperature anemometer system used in this experiment. Model 158 is a 
high performance, low noise system featuring digital readout of the hot- 
wire voltage and operator-selectable signal conditioning circuitry. [Ref. 11] 
Hot-wire anemometry is a flow velocity measurement technique in 
which a very small tungsten or platinum-coated wire (usually on the 
order of 5 microns in diameter) is suspended perpendicular to the flow 
field between two support structures as shown in Figure 9. The support 
structures are typically stainless steel needle-like structures designed for 


minimum flow obstruction. The distance between the probe tips can 
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vary, but for accurate velocity measurements and minimum interference 
from the supports, the ratio of wire length to wire diameter should be 
greater than 200. [Ref. 2] 

The probe is electrically 
connected to an output/control 


amplifier through a Wheatstone 


5 MICRON 
TUNGSTEN WIRE —> 


bridge circuit and is heated by the 


current flow provided by the 2 miu 


EPOXY EH 
SEN, CONNECTIONS 





amplifier. As the flow velocity 
ae | Figure 9. Hot-Wire Ргоһе 

across the wire increases, the wire 

is cooled by the flow and its 


resistance decreases. The response of the output/control amplifier to this 


inbalance in the bridge potential is an increase in current flow through 
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the bridge circuit in order to rebalance the bridge electrically. A typical 
constant-temperature bridge circuit is shown in Figure 10. 

The operator inputs the desired operating resistance of the probe 
which sets the resistance of the control resistor (Rc). The output of the 
Wheatstone bridge is connected directly to the control amplifier. As the 
flow velocity over the wire increases, the hot-wire cools and its resistance 
is lowered. This decrease in resistance on one branch of the bridge 
circuit decreases the voltage input to the control amplifier. The amplifier 
then increases the current flow into the bridge via the feedback loop in 
order to rebalance the voltage potential across the bridge. This increase 


in current flow on the bridge will heat the wire, returning the wire to 


FEEDBACK LOOP 


VOLTAGE 
OUT 





Figure 10. Bridge Circuit 
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the appropriate temperature, thus increasing its resistance and 
rebalancing the bridge. [Ref. 11] 

The output of the constant-temperature anemometer system is 
the voltage output of the control amplifier which is directly proportional 
to the amount of current required to maintain a balanced voltage 
potential across the bridge. The flow velocity associated with a given 
control amplifier output voltage will determine the calibration curve for 
that particular probe. The methodology of calibration will be addressed 
in Section III of this report. 

The major benefit of selecting a constant-temperature 
anemometry system, as opposed to a constant-current system, is the 
high levels of frequency response achieved by using a feedback loop in 
association with the control amplifier. With modern solid state 
components, particularly in a rapidly fluctuating flow field G.e., turbulent 
flow), frequency responses as high as 500 KHz can be achieved. 
Additional benefits of the constant-temperature system include the 
system’s ability to accurately measure very large velocity fluctuations and 
the lower inherent noise levels of the system. [Ref.11] 

The type of hot-wire probe used was the Dantec Single-Wire 
Sensor 55 P-11. The control amplifier output voltage range for this 
probe, over the span of velocities expected to be encountered, was found 
to be less than one volt. Therefore, with the turbulence grids in place, 
the voltage fluctuations (due to turbulence) in this limited voltage range 


made data collection very difficult. However, by using the signal 
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conditioning circuitry of the IFA-100 system, the displayed output voltage 
range was adjusted to be zero volts with no flow in the tunnel and 
approximately five volts at the higher flow velocities. System settings for 
this response were an offset of one volt and a gain of six. Using these 
signal conditioning settings, observed voltage outputs within the boundary 
layer ranged from 3 volts to 4.5 volts. Since the data recorded by the 
author was manually read and input, the wider range of output voltages 
made for easier and more accurate readings. 

Signal filtering, another selectable option of the signal 
conditioning circuitry of the IFA-100, was used to prevent any aliasing of 
the rms signals and to filter out unwanted noise present in the system. 
Filters selected for this experiment were a 100 KHz AC low-pass filter 
and a DC high-pass filter. Figure 11 shows the overall data collection 
system and signal transfer paths. 

Two additional pieces of hardware were used in conjunction with 
the anemometry system and are also shown in Figure 8. An oscilloscope 
was used as a visual indication to the operator of the relative turbulence 
level present in the tunnel. An oscilloscope will show a near-flat voltage 
trace outside the boundary layer with little or no turbulence present (no 
grid). At higher turbulence levels, voltage traces of the turbulence 
appear as random amplitude fluctuations of the trace. As the probe 
entered the top of the boundary layer, the oscilloscope trace changed 
from the free stream turbulence trace, thus providing the operator an 


easy reference to the approximate height of the boundary layer at a 
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given chord location. The oscilloscope reading was then confirmed by a 
check of the hot-wire control amplifier voltage output. The mean output 
voltage of the hot-wire also changed from the free stream value as the 
probe entered the boundary layer. 

The last piece of hardware used in the data collection system was 
the Fluke 8050A Digital Multimeter (DMM). During data collection, the 
IFA-100 system indicated DC voltage output of the control amplifier. 

The DMM was also connected to the control amplifier output through a 
coaxial cable connection on the front of the IFA-100 monitor. The DMM 
was configured to read only the AC component of the output voltage. 


The DMM read the AC component, then computed and displayed rms 
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CONTROLLER 


OUTPUT 
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Figure 11. Data Aquisition/Signal Flow Schematic 
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values of the voltage fluctuations. These rms values were later used in 
plots to give representing relative turbulence levels at any given point in 
the sampled boundary layer. 
4, Three-Dimensional Traverser 

To accurately and effectively move the hot-wire probe through the 
boundary layer, the probe was attached to a Velmex 8300 Control/Driver. 
The 8300 is a 3-D traversing system using three microcomputer-controlled 
stepping motors (one for each axis of movement). The system is 
composed of the motor controller assembly and the traversing assembly 


as shown in Figure 12. 
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Figure 12. Velmex 8300 3-D Traverser Assembly 
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The motor controller assembly is the interface unit between the 
operator and the motors. The controller is capable of interpreting motor 
movement commands from a host computer or from a remote terminal. 
Data communication between the controller assembly and a remote 
terminal is made through a full-duplex RS-232C port located on the front 
of the controller assembly. Operator-initiated manual motor movements 
are input via switches also located on the front panel. 

The resident BASIC interpreter software program contains the 
necessary motor movement subroutines and is responsible for monitoring 
motor status. Fault lights on the front panel indicate parity or data bus 
errors and a ready light indicates the previous motor movement is 
completed and the controller is ready to accept the next input. 
Additionally, the controller has 12K of custom hardware and 20K of ROM 
contained on a 6502-based microchip for interactive pre-programmed 
motor control. Operator-selectable motor variables, accessible through 
software commands, include motor velocity, motor acceleration, increment 
distance, and incremental units (motor steps or inches). [Ref. 12] 

The traverser assembly is a stainless steel and aluminum 
assembly consisting of three separate motor/jackscrew assemblies. Each 
motor/jackscrew combination moves the traverser along one of the axes 
depending on the connections made to the controller. Each motor is a 
200 step-per-revolution, ten amp stepper motor with a maximum velocity 
of 3000 steps/sec. Minimum motor movement is one motor step (1/200 of 


a revolution) which equates to approximately 0.000125 inches. [Ref. 12] 
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Several minor modifications were made to the 8300 system for 
use in conjunction with the Naval Postgraduate School wind tunnel. To 
move the hot-wire into the boundary layer on the upper surface of the 
wing, the traverser assembly was mounted on top of the tunnel. Two 
one-inch aluminum bars were attached to the base of the traverser and 
mounted to existing hardware located on top of the tunnel. The 
assembly was mounted in a position such that tunnel-induced vibrations 
on the traverser were minimized, thus reducing hot-wire probe vibrations 
during data collection. 

With the traverser and controller assemblies mounted on top of 
the tunnel, a 25-foot RS-232C cable enabled motor movements to be 
made from a computer terminal terminal located next to the tunnel. 
Additionally, a one-foot extension bar was inserted between the traverser 
mounting bracket and the hot wire probe mounting tube to allow the 
probe to reach the trailing edge of the airfoil at very high angles of 
attack. Access into the wind tunnel was made through a small slot cut 
into a plexiglass sheet fitted into the top of the tunnel, as shown in 
Figure 12. 

Motor movements were controlled via the controller assembly 
from an IBM PC/AT computer located adjacent to the tunnel. The 
author created a program, to be discussed in detail in the software 
section of this report, that allowed for both manual motor movements 
(i.e., one entry--one movement) and computer-controlled movements 


through the boundary layer. Motor movements in the computer 
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controlled option depend on operator inputs of the number of data points 
desired and the size of the boundary layer to be measured. In order to 
avoid distance ambiguities with extremely small motor movements, all 
computer-controlled movements were limited to 0.0002 inches 
(approximately twice the published minimum motor movement). 
5. Turbulence-Generating Grids 

Three different turbulence-generating grids, shown in Figure 13, 

were used during this experiment. The grids were constructed by Roane 


[Ref. 3] and used by him and Rabang [Ref. 13] to study the effects of 
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turbulence on vertically launched missiles. Two of the grids were 
wooden, square-mesh, biplanar grids and the third was a wire, square- 
mesh, round-axis grid. The grids were installed in the wind tunnel Just 
ahead of the test section and were located approximately 72 inches 
upstream of the mid-chord line of the airfoil. Figure 14 shows the wing 


installed in the tunnel with a turbulence grid upstream. 
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The two wooden grids were similarly constructed and differed 
only in mesh size and cross-member diameter. The mesh-to-diameter 
(M/D) ratio for both grids is five. The biplanar design was chosen to 


provide nearly isotropic tunnel turbulence, with the level of turbulence a 
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function of the grid mesh size and bar diameter [Ref. 2]. From Figure 1, 
it can be seen that approximate turbulence intensity levels at the airfoil 
correspond to 3.5%, 1.9%, and 0.5% for grid 1, grid 3, and grid 4 
respectively. Turbulence length scales for the grids, from Figure 2, are 
estimated to be 1.8, 1.2, and 0.5 inches. Figure 15 shows a schematic 


drawing of the wooden grids. Table 1 lists grid specifications for each 


of the grids used. 





Figure 15. Grid Schematic [Ref. 3] 


TABLE 1. Grid Specifications [Ref. 3] 


Grid No M (n) D (in) M/D Material 
1 во" о r T s wood 
3 2:5 0.5 5 wood 
4 1.0 0.0625 16 wire 
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B. EXPERIMENTAL SOFTWARE 

The software program "TRAVERSE', written by the author to serve 
as the interface between the operator and the motor controller assembly, 
is listed in Appendix D. The highly interactive program was used for 
motor movement control, data recording, and data reduction. It was 
written in advanced BASIC (BASICA) and allows the operator precise 
control of hot-wire movement via the 3-D traverser controller unit. Much 
of the initial portion of the program is dedicated to operator-selectable 
options (i.e. motor velocity, motor acceleration, etc.) available for each 
motor. However, default values for each option are provided in the 
programming and the operator can select the defaults for all motors with 
one keystroke. 

The program gives the operator a choice of manual input (meaning 
one motor movement for each operator input) or computer-controlled 
movement through a boundary layer. The manual movements were used 
to pre-position the hot-wire probe prior to data collection runs through 
the boundary layer. The operator used the surveyor's transit scope to 
monitor probe movement as the probe was manually moved to the bottom 
of the boundary layer for the start of a data collection run. Figure 16 
shows the hot-wire probe in position for data collection. 

After pre-positioning the probe, the operator selected the computer- 
controlled boundary layer movement option. This option uses a sine 
function-based algorithm to compute individual motor movements through 


the layer. The algorithm uses a sine function as its base to concentrate 
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Figure 16. Hot-Wire Positioned for 
Data Collection 


many smaller motor movements at the bottom of the boundary layer and 
gradually increase motor increments toward the top of the layer. 
Therefore, more data points are sampled nearer the surface. 

The program prompts the operator to input the number of data 
points desired and the thickness of the boundary layer to be measured 
for each chord location. The basic motor movement algorithm is given 


below as Equation 1. 


Z(J) = BL * {1 - [sin(pi/2) * (1 + J/N)]) (1) 
where: Z(J) = incremental distance 
BL = estimated boundary layer height 
N = number of data points desired 
J = incremental data point 
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After each individual motor movement is completed, the program 
prompts the user for hot-wire voltage and rms voltage inputs. Voltages 
were read from the IFA-100 display and then entered manually by the 
operator. The probe position (relative to the bottom of the boundary 
layer) and the voltages are written to "raw" data files by the software 
program. Once the required voltages are input, a single keystroke will 
move the probe to the next data point and the process is repeated. 

After voltages for each data point have been input, the program 
converts the "raw" data into the non-dimensional quantities normally 
used in boundary layer studies. These non-dimensional quantities 
include normalized distance above the airfoil surface (y/c), normalized 
velocity (u/U), and normalized velocty fluctuation, or turbulence intensity 
(rms/U,). The data recorded for each sampled data point were non- 
dimensionalized by dividing by the airfoil chord length (in this case 10 
inches) or the boundary layer edge velocity (U,). 

The velocity at each data point is computed by an algorithm 
incorporating the calibration curve equation for the hot-wire probe used. 
System vibration and high dynamic loading on the probes caused several 
of the probes to fail during this experiment. Each time a different probe 
was used, the system was recalibrated and the software program was 
updated to include the new calibration curve. Non-dimensional velocities 
for each data point were then computed by dividing each "raw" velocity 


by the edge velocity. 
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The rms values input by the user are actually the AC component of 
the velocity fluctuations sensed by the hot-wire. The magnitude of the 
rms values can be associated with the magnitude of the velocity 
fluctuations at any given point. Conversion of these "raw" rms values 
into a non-dimensional rms was accomplished by taking the "raw" rms 
inputs, multiplying them by the slope of the calibration curve at each 
data point, and dividing by U.. This method compensates (at each data 
point) for the change in slope due to a non-linear calibration curve. 

The non-dimensional values were then written to a data file by the 
software program. These data were then used as input to a graphics 
program to produce boundary layer profile and turbulence intensity plots, 


as seen in the experimental results section of this report. 
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ПІ. RESULTS AND DISCUSSION 


A. CALIBRATION 

The calibration of a constant temperature hot-wire system is a 
procedure whose ultimate goal is to generate a calibration curve relating 
hot-wire voltage output to wind tunnel flow velocity. The calibration 
curve equation can then be used in all subsequent data reduction 
computations to transform voltage data into velocity data. An important 
point to note here is that calibration should be performed over the entire 
range of velocities expected to be encountered during the experiment. 

As stated earlier in this report, the high dynamic loading on the hot- 
wire probes due to the grid-generated turbulence appeared to cause 
several of the hot-wires to break during the experiment. This section 
will discuss procedures used to calibrate the hot-wire probe used with no 
grid installed in the tunnel. These same procedures were used to 
calibrate all of the wires used during this experiment. 

The calibration procedure can be divided into several different steps 
as outlined in the IFA-100 Instruction Manual [Ref. 11]. These steps 
are: 

- To determine anemometry system cable resistance 
- To determine hot-wire probe total resistance (R.,,) 


- To compute hot-wire probe operating resistance 
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- To collect hot-wire voltage outputs at a number of known 
wind tunnel velocities over the range of velocities expected 


- Plot voltage vs velocity to obtain a calibration curve equation 


The first three steps of the calibration procedure are performed using 
the IFA-100 hardware with no flow in the wind tunnel. The cable 
resistance is measured directly by the IFA-100 system by inserting a 
shorting probe in the hot-wire support. The operator then displayed and 
entered cable resistance into IFA-100 memory via selections located on 
the front panel. The cable resistance was then automatically subtracted 
from all subsequent probe resistance measurements [Ref. 11]. The cable 
used throughout this experiment had a resistance of 0.868 ohms. 

Hot-wire probe total resistance (R,,), also referred to as "cold" 
resistance, is the resistance of the wire at zero flow velocity and is also 
directly measured by the IFA-100 system. After removing the shorting 
probe and inserting the hot-wire probe, R,,, was displayed on the IFA-100 
front panel. This resistance value was used only to calculate operating 
resistance of the hot-wire and not entered into the memory circuitry of 
the system. 

The hot-wire probe operating resistance (R,,) is computed from the 


following relationship [Ref. 11]: 
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К, = R... + [alpha, * R,, * (T, - T,)] (2) 
where: T, = desired operating temperature (250° C) 
T, = room temperature (20° C) 
and alpha, and K, are the temperature coefficient 
and probe total resistance at 20° C supplied by 
the probe manufacturer 

A check of the operating resistance computed was then performed 
using the hot-wire “overheat ratio". The overheat ratio is defined as the 
ratio of the probe operating resistance to the probe total (cold) resistance. 
Normal overheat ratio values for tungsten wires range from 1.5 to 2.0 
[Ref 11]. For the no grid calibration run, probe total resistance was 
measured at 4.597 ohms and probe operating resistance was computed to 
be 7.495 ohms. The overheat ratio for this wire was 1.63. 

The next step in the calibration procedure was to run the wind 
tunnel at known velocities and record hot-wire voltage output at each 
velocity. A reference pitot-static probe was inserted into the top of the 
wind tunnel and connected to a water-filled slant manometer. This pitot- 
static system was used throughout the experiment to provide a reference 
pressure differential for adjusting the tunnel flow velocity. The hot-wire 
probe was traversed to a position adjacent to the pitot-static probe but 
outside any flow perturbations caused by the probe. Figure 17 shows the 


hot-wire and pitot-static probe in position for a calibration run. 
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Figure 17. Hot-Wire Calibration Configuration 


The slant manometer was set at 40? inclination and calibration data 
were obtained at 0.5 inch increments, as read on the manometer, up to a 
maximum differential of 10 inches. At each incremental pressure 
(height) differential, hot-wire voltage output was recorded. Actual tunnel 


flow velocity was then computed by the relationship: 


(2)*(62.43)*(h*sin40)| ? 


vel (ft/sec) = | ---------------------------- (3) 
(12) * (rho) 
where: h = height difference of water in slant tube 
rho = density 


Table 2 shows the no grid calibration data collected. Note that the 
velocity range of the calibration run extends from approximately 33 ft/sec 


to 153 ft/sec--covering the entire range of velocities expected. 
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TABLE 2. No Grid Calibration Data 


Del-h  Hot-Wire Vel Del-h Hot-Wire Vel 
(in) volts (ft/sec) (in) volts (ft/sec) 
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By plotting velocity against hot-wire voltage output a non-linear form 
of the calibration curve equation was obtained. Figure 18 shows the non- 
linear calibration curve and illustrates the greater probe sensitivity at 
lower flow velocities. A quick check on the calibration curve obtained 
was run by plotting voltage squared against the square-root of velocity 
(commonly called a "fourth order fit’). A reliable calibration curve will 
result in a nearly straight-line fit [Ref. 11]. Figure 19 shows the fourth 
order fit and the linear results obtained. 

This same calibration procedure was used each time a different hot- 
wire probe was used. Because of the relatively low tunnel velocities used 
during this experiment (approximately 100 ft/sec), the non-linear form of 
the calibration curve was used in data reduction. Calibration data and 


curves for the other wires used can be found in Appendix B. 


B. DATA ANALYSIS 
Boundary layer data were collected at nine airfoil chord locations 


ranging from 0.25c to 0.65c in 0.05c increments. The boundary layer at 
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Figure 18. Non-Linear Calibration Curve 
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each chord location was sampled at four different wind tunnel 
configurations: with no grid installed and with each of the three grids 
described in Section II of this report. As described in Section II, raw 
data consisted of hot-wire voltage output, rms voltage, and probe distance 
above airfoil surface. The raw data were used as input into a software 
program incorporating the calibration equation to output wind tunnel 
velocity data and the non-dimensional quantities previously discussed. 
These data are provided in Appendix C. Table 3 shows the chord 
locations, height of boundary layer sampled, and number of data points 
taken for each wind tunnel configuration. 


TABLE 3. Data Sampling Table 


Chord Locations 
.25 .30 .35 .40 .45 .50 .55 .60 .65 


МО .20 .25 .25 .25 .30 .30 .30 .35 .30 
GRID 35 35 35 35 40 40 40 40 40 


* Boundary layer height (inches) and 
number of data points given for each 
chord location sampled. 


** Data unavailable 
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The data collected will be presented and discussed in two formats. 
The first, mean boundary layer velocity profiles, will show boundary layer 
development, transition, and overall behavioral characteristics of the flow 
within the boundary layer. The second format, turbulence intensity 
profiles, will show relative turbulence levels existing within each sampled 
boundary layer. The discussion will emphasize similarities and 
differences in profile characteristics due to the different wind tunnel 
configurations. 

Each of the plots corresponds to one particular wind tunnel 
configuration (i.e., no grid, grid 1, etc.) The various profiles shown on 
each plot correspond to the different chord locations sampled at a given 
wind tunnel configuration. Chord locations are noted above each profile 
on the plots. The profiles were spread along the horizontal axis by 
adding a constant (0.3) to all data at each sequential chord location--0.3 
added at the .30c position, 0.6 added at the .35c position, 0.9 added at 
the .40c position, etc. Tic marks along the axis indicate 0.5 Ue (one-half 
the edge velocity) associated with the profile immediately to the right of 
the tic. 

1. Velocity Profiles 

Figures 20 through 23 show mean velocity profiles for each of the 
four wind tunnel configurations. In the no grid case, Figure 20, the flow 
appears to be fully laminar up to the 30c position. Laminar profiles are 
characterized by a linear decrease in velocity near the wall. Turbulent 


profiles exhibit a much more non-linear decrease in velocity near the 
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wall. Transition to a turbulent boundary layer starts to occur just 
downstream of the 0.30c position as indicated by the fuller and much 
thicker velocity profile seen at the .35c position. At the .35c position, the 
profile appears to be nearly fully turbulent. 'The transition to turbulent 
flow in this case occurs over a small airfoil chord distance (<.05c), called 
the transition region. 

The grid 4 case, shown in Figure 23, is similar to the no grid 
case in several ways. Grid 4 was the small-diameter wire grid 
generating the least turbulence intensity levels (approximately 0.5%) and 
had the smallest length scale (approximately 0.5 inches) of any of the 
grids used. Note that data for the .25c position were unavailable due to 
probe failure. 

The profile at the .30c position appears to be nearly laminar though 
slightly transitional in the outer layer. Transition of the grid 4 boundary 
layer is evident at the .35c position as it was in the no grid case. The 
major difference between the two cases is seen at the .30c position, 
where the grid 4 profile appears to be more transitional than the no grid 
case. Both cases exhibit almost identical nearly turbulent profiles at the 
.40с position. 

Similarities also exist between these two cases by comparing 
boundary layer growth rates (i.e., fullness or thickness). Growth rates 
for the two cases are nearly equal through the laminar and transitional 
region. However, the growth rate (thickness) for grid 4 profiles increases 


as the flow within the boundary becomes fully turbulent. At the aft-most 
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chord location, .65c, boundary layer thickness for grid 4 is approximately 
0.0225c inches while for no grid the boundary layer appears to be 
approximately 0.02c inches--reflecting an increase of about 12% thickness 
for grid 4. 

Profiles for the grid 1 and grid 3 cases, Figures 21 and 22, show 
differences from the two cases discussed above. At the .25c position, grid 
1 already appears to be transitional while the grid 3 profile appears to 
be only nearly-transitional. Grids 1 and 3 produce T, levels of 
approximately 3.5% and 1.9% respectively and approximate length scales 
of 1.8 and 1.2 inches (refer to Figures 1 and 2). In both these cases, 
freestream turbulence generated by the grids is prompting boundary layer 
transition to occur sooner than in the two previous cases. Fully- 
turbulent velocity profiles exist at the .35c position for grid 3 and at the 
.40c position for grid 1. 

Comparison of boundary layer thicknesses for grids 1 and 3 show 
marked differences at the earlier chord locations. At .30c, thicknesses of 
approximately 0.009c and 0.008c inches exist for these grids while the no 
grid profile thickness at this same chord location is approximately 0.005c 
inches. However, at the .65c position, the boundary layer thicknesses for 
the two wooden grids and the no grid cases are all approximately equal. 

As expected, freestream turbulence levels are seen to be directly 
related to transition of the boundary layer from laminar to turbulent 
flow. But for the test conditions encountered during this experiment, it 


appears that the effect of increased turbulence intensity is limited to 
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earlier transition of the boundary layer. Kline, Lisin, and Waitman 

[Ref. 14] found, on the other hand, that boundary layer thicknesses were 
very sensitive to increases in freestream turbulence. They found that 
boundary layer thicknesses increased 50 to 100% at a Reynolds number 
of approximately 2 x 10° at a local freestream turbulence level of 5.7%. 
These experiments were performed over a flat plate with transition for 
each case induced near the leading edge; the purpose was to separate the 
direct effect of freestream turbulence on the turbulent boundary layer 
growth from the variations in thicknesses due to a change in the 
transition location with turbulence intensity. The growing boundary 
layer actually experienced turbulence levels much higher than stated, 
since the intensity decays with distance downstream. The sole intent 
here is to note that the expected condition is that the turbulent boundary 
layer would increase noticeably in thickness over the ambient turbulence 
case with increases in freestream turbulence levels. Profiles obtained 
during this research do not indicate this correlation between freestream 
turbulence levels and boundary layer thickness. 

It is postulated here that the lack of correlation found in this 
experiment is due to turbulence length scale effects. For the highly 
turbulent grids, grids 1 and 3, length scales reported by Roane [Ref. 3] 
are close to an order of magnitude greater than the boundary layer 
thickness. In order for turbulence in the freestream to effect boundary 
layer behavior, its length scale value must be close to the boundary layer 


thickness. In the grid 4 case, where length scales are relatively close to 
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boundary layer thickness, the greatest effect. of freestream turbulence is 
seen, resulting in a 12% increase in boundary layer thickness. No length 
scale information is provided in the work by Kline et al. 

More detailed comparisons can be made by taking a look at the two 
extreme cases, i.e. the no grid case and the grid 1 case, as shown in 
Figures 24 to 29. In this series of plots, differences in profile 
characteristics (laminar or turbulent, fullness, boundary layer thickness) 
are more easily seen. Note on the plots that the left side of the x-axis 
does not correspond to zero velocity. At chord locations up to .35c, 
shown in Figure 24 through 26, profiles for grid 1 show definitive 
turbulent characteristics. Profiles for the no grid case appear to be 
nearly turbulent only at the .35c position. Boundary layer thickness for 
the grid 1 case, particularly at the .30c position, is nearly twice that 
found in the no grid case. 

As profiles are sampled farther aft along the chordline, shown in 
Figures 27 to 29, the profiles become more and more similar in both 
fullness and in thickness. Profiles at .50c and .60c, Figures 28 and 29, 
show nearly identical characteristics for these two extreme configurations. 

The same trends discussed above are evident when comparing 
velocity profiles between the different grids. Figures 30 through 32 
illustrate profile differences between the grids at three selected chord 
locations (.30c, .45c, and .60c). At the .З0с position, grid 4 appears to be 
the most laminar-like and has the thinnest boundary layer, estimated to 


be approximately 0.005c inches. Significant differences between the 
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Figure 25. No Grid vs Grid 1 Velocity Profile (.30c) 
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Figure 27. No Grid vs Grid 1 Velocity Profile (.40c) 
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Figure 28. No Grid vs Grid 1 Velocity Profile (.50c) 
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Figure 29. No Grid vs Grid 1 Velocity Profile (.60c) 
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Figure 30. Velocity Profile Comparison (.30c) 
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Figure 31. Velocity Profile Comparison (.45c) 
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profiles (laminar vs turbulent characteristics, boundary layer thickness, 
etc.) are readily observed at the early chord locations. At the .60c 
position, however, all profiles have the same basic turbulent shape, but 
grid 4 has the thickest boundary layer, estimated to be 0.0225c inches. 
This is кысыш: to be a direct result of length scale. 
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Figure 32. Velocity Profile Comparison (.60c) 


Though grids 1 and 3 result in freestream turbulence levels much 
higher than for grid 4, the effect of the higher turbulence levels is only 
to transition the boundary layer earlier. The dissipation length scales of 
the turbulence for grids 1 and 3 are much larger than the boundary 
layer thickness and appear to have little or no effect on boundary layer 


growth rate. The lower turbulence intensity of grid 4 appears to have a 
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much more dominant effect on increasing the turbulent boundary layer 
thickness, up to an approximate increase of 12% in thickness, because 
the scale of these turbulent eddies more closely matches those of the 
turbulent boundary layer. 
2. Turbulence Intensity Profiles 

Turbulence intensity profiles, Figures 33 through 40, show 
relative turbulence levels present in the sampled boundary layers. Data 
for these plots were non-dimensionalized by dividing the rms value of the 
velocity fluctuation at a given data point by the edge velocity at each 
chord location. À mathematical definition of T, can be written as: 

T. = um (4) 


= rms of a velocity fluctuation 
= velocity at the edge of the boundary layer 


where u 

U. 
The rms plots were formatted using the same constant as the 
velocity profiles (0.3) added to subsequent chord locations to spread the 
profiles along the axis. Tic marks on each plot indicate zero T, for each 
profile. À scale is also provided for each plot. 

The effects of the grids on T, is readily apparent at the earlier 
chord positions (.25c to .35c). As with the velocity profiles, the most 
interesting boundary layer behavior will occur at or near the transitional 
region. In the transitional boundary layer, turbulence is generated near 
the wall as the transition process is occurring. Added to this turbulence 


is the grid-generated turbulence existing in the freestream. The addition 
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of the freestream turbulence will cause a rapid increase in T, levels as 
shown on the plots. Kline et al. [Ref. 14] attribute both the increase in 
thickness and increase in T, to the mixing occurring between the 
naturally-formed turbulence of a transitional boundary layer and the 
freestream turbulence entering the boundary layer. The boundary layer 
T, levels must return to the approximate freestream values at the top of 
the layer; therefore a rapid decrease in T, levels follows. The resultant 
is a T, peak shown on the plots. The peak is located near the bottom of 
the boundary layer because the transition process, which naturally 
generates turbulence, begins at the wall and diffuses upward. At the 
bottom of the boundary layer, the T, must go to zero because the velocity 
must also go to zero to satisfy the no slip condition at the wall boundary. 
At the fully-turbulent chord locations (.50c to .65c), the decrease 
to approximate freestream T, levels is much more gradual. The much 
thicker boundary layers found at the downstream chord locations allow 
for a more complete interaction between the freestream turbulence and 
the turbulence already generated near the wall in the turbulent boundary 


layer. 
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Figure 33. Turbulence Intensity Profile (NO Grid) 
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Figure 34. Turbulence Intensity Profile (No Grid) 
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Figure 35. Turbulence Intensity Profile (Grid 1) 
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Figure 36. Turbulence Intensity Profile (Grid 1) 
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Figure 37. Turbulence Intensity Profile (Grid 3) 
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Figure 38. Turbulence Intensity Profile (Grid 3) 
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Figure 39. Turbulence Intensity Profile (Grid 4) 
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Figure 40. Turbulence Intensity Profile (Grid 4) 
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IV. CONCLUSIONS 


The effects of freestream turbulence on boundary layer behavior has 
been shown to play a pivotal role in boundary layer transition from 
laminar to turbulent flow. As expected, increased levels of freestream 
turbulence caused an earlier transition to turbulent flow much sooner 
than would occur in a low freestream turbulence flow. In this 
experiment, the transition region was moved approximately .10c forward 
with freestream turbulence levels near 4%. 

The contributions to boundary layer behavior due to length scale 
have also been postulated by these results. Although no direct 
correlation between boundary layer thickness and freestream turbulence 
levels is concluded from grid 1 or grid 3 data, this lack of correlation 
may be significant in itself. 

It is known that freestream turbulence with a length scale much 
larger than the boundary layer thickness will not significantly affect the 
boundary layer. In this experiment, turbulence generated by grid 4 
(whose length scale was on the order of boundary layer thickness) 
resulted in a 12% increase in boundary layer thickness at .65c measured 
against all other wind tunnel configurations. This increase occurred only 
in the grid 4 configuration indicating that higher T, levels at length 


scales much greater than the boundary layer thickness do not 
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significantly affect boundary layer growth. Further research and 


experimentation are required to better understand these relationships. 
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V. RECOMMENDATIONS 


During this experiment, wind tunnel velocity was set with a reference 
pressure differential obtained from a pitot-static probe installed in the 
upper portion of the wind tunnel test section. For all wind tunnel 
configurations, freestream velocity was set at approximately 98 ft/sec 
computed from the pressure differential using Equation 4. This velocity 
corresponded to a Reynolds number of approximately 500,000 based on 
airfoil chord. 

Boundary layer edge velocities, however, were found to vary by as 
much as 45% for different tunnel configurations. This phenomenon was 
associated primarily with grid 1 and grid 3 installed. To check the 
validity of the pitot-static system used, pressure measurements were 
taken at all configurations with the pitot-static probe located near the 
bottom of the test section. No abnormal pressure readings were obtained 
which might have explained the variance in boundary layer edge 
velocities. It is recommended that in future research and 
experimentation with the turbulence grids, reference freestream velocity 
be set and checked using two different systems, e.g., a pressure 
differential system and a hot-wire voltage system. Additionally, a 
complete 3-D turbulence mapping of the NPS wind tunnel should be 


undertaken using both systems mentioned above. This mapping should 
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include both T, and turbulence length scales to better characterize wind 
tunnel flow with the grids installed. 

More research also needs to be undertaken to more fully understand 
low Reynolds numbers flows. Future investigations involving freestream 
turbulence should be done with an automated data collection system. 
Hot-wire voltage output fluctuations with turbulence grids installed was 
found to be as high as 20% making manual data collection difficult and 
time consuming. Future plans at NPS include experimentation in 
unsteady turbulent flow at low Reynolds numbers using an automated, 
high-frequency sampling technique in conjunction with the IFA-100 
Anemometry System. 

Other areas for future research should include quantitative studies of 
the effects of freestream turbulence on boundary layer growth and 
transition. This report addressed pre-selected chord locations (.25c to 
.65c) only. Future studies should include more frequent sampling along 
the chordline within a transitional boundary layer. Other factors for 
possible inclusion in future projects include airfoils at different angles of 
attack, including near-stall conditions, to study the effects of turbulence 
on flow separation, the effect of freestream turbulence on separation 
bubbles, and changing T, and length scale parameters independently to 


differentiate their effects on the flow field. 
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APPENDIX A AIRFOIL COORDINATES 


x/c y/c 


TABLE A-1 
EXPERIMENTAL AIRFOIL COORDINATES 


x/c 


0.1200 
0.1150 
0.1100 
0.1050 
0.1000 
0.0950 
0.0900 
0.0850 
0.0800 
0.0750 
0.0700 
0.0600 
0.0500 
0.0400 
0.0300 
0.0200 
0.0150 
0.0100 
0.0050 
1.0000 
0.9900 
0.9800 
0.9700 
0.9600 
0.9500 
0.9400 
0.9300 
0.9200 
0.9100 
0.9000 
0.8900 
0.8800 
0.8500 
0.8000 
0.7500 
0.7000 
0.6500 
0.6000 
0.5500 
0.5400 
0.5300 


y/c 


0.0023 
0.0042 
0.0056 
0.0066 
0.0071 
0.0072 
0.0067 
0.0065 
0.0063 
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Figure A-1. Experimental Airfoil 
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APPENDIX B CALIBRATION DATA 


Table B-1 
Grid 1 Calibration Data 


Del-h HW Out Velocity 


(in) (volts) (fUsec) 
0.50 2.925 37.92 
1.35 3.402 62.30 
2.35 3.690 82.20 
3.35 3.910 98.15 
4.15 4.075 109.24 
4.95 4.203 119.30 
5.95 4.311 130.80 
6.75 4.405 139.32 
7.50 4.485 146.85 
8.35 4-992 154.95 
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Figure B-1. Grid 1 Calibration Curve 
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Table B-2 
Grids 3 and 4 Calibration Curve 


Del-h HW Out Velocity 


(in) (volts) (ft/sec) 
044 3.291 3479 
1.30 3.779 61.21 
215 4.163 89.02 
3.75 4.394 103.95 
4.95 4.564 119.43 
6.15 4.710 133.13 
7.35 4.832 145.53 
7.95 4.879 151.36 
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Figure B-2. Grids 3 and 4 Calibration Curve 


63 


(=) СУ СО СЭ СООСУ Сэ С) СО СОО СУ Әг о ӘТӘС ӘСӘ гә у Әәә СУ ӘСӘ С 


Y/C 
(in) 


DATA TABLES 
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APPENDIX C 
TABLE C-1 
HOTWIRE RHS 

(volt) (mV) 
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4.227 36.0 
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4.52] 472550 
4.529 252 ИО 
4.5302 722 70 
4270092290 
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4. 5518987 50 
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NO GRID DATA 
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RMS-V 
616 0.108 
634 0.101 
GSO OO 
670 0.089 
664 0.086 
697 0.082 
OS OOS 
pode Qum 
740 0.076 
ЖӘН” 0205 
15S 005 
776 0.074 
о 
s ООУ? 
ОВО QU 
848 0.069 
845 0.067 
со о 066 
666 02062 
8897 07060 
азса 07059 
917 0.056 
2789 07053 
335 0:049 
957 07046 
gos. 0-033 
9D. (2959 
9787 027033 
зс ОООО 
СОНИ 0025 
930 0.1025 
mom 0.015 
SSS 0. > 
996P 0.012 
Зое ОСОО 
002 0.008 
0015. 0.007 
ОО 0.007 
001 0.006 
999 0.006 
000 0.005 
999 0.005 
001. 0.005 
НӘР” 92005 
000 0.005 


TABLES CS NO GRID рАТА 6-Е 


Уже HOTWIRE RMS VELOC RMS-V NORMALIZED 
(in) (volt) (mV) (ft/s) (£t/S) VEEOG PRs 


O08005 IOS LD 68.07 17427 02622777509 
0.0006 31 S6 АП 70.06 1.30 "0.64 1 1013 
00007 За. о 70.32. 6.82 9.543 ИИ 
0.0009 3595 SE m 71,98 6.69 7 05 > 
0.0011 3635 I0 13.64 6.70 0.6714 O01 
00015 3.669 Ет 15.21 6.471 0.660 05086 
0- 0016 3565 ов 76.50 666 1059105 29 7 
00020 3.706 ІЗІ 11.89 6.57 ОО 2 
0.0024 3.145 12020 79.49 6.53 0.1208 003 2 
0.0028 3.778 РЕ 81.30 6.45 0.7144 0 879 
0 0035 ЗОО 81.69 6.36 074000005 
0.0038 3.0615 II 0 83.36 6.55 016 oS 
U 0043 3.842 114270 84.88 6.46 07777 ле 
0.0049 Jed oT S 96.76 6,600 0,794 40076 
0.0056 3.905 811 0 06.49 6.80 0.610 7 
0. 0062 9920110 89.37 6.72 0.6180 OOS 
0.0069 ЗУ ЭБЕ 91.42 6:52 ФИР 
0.0077 259757 0226 92.61 6.51 02040 NUEVO 
(0590/0155 4000 1050 94.11 6.33 ОЗ | 
00095 4.0395 710 96.24 6,24 OSE Os 
(DOT 4.040 S00 96.55 6.00 05:854 — 2 
00110 4.095 94.0 99.95 550 ОЖ ШЕ 
O50119 4.105 92.0 ТОО ОТ ЗБИВ ОЗИ 
0 0129 4.132 84.0 102.28 р ОКЕ? 
0401-58 4.140 78.0 102.79 4°96 Шар Бас 
0.0148 4.160 74.0 104707 ‘42755502952 Crue: 
050152 3435195 68.0 106.33 “4542100 575 009002 
0 "0169 4. 201 58.0 106.72 3278 тесто 
009379 4.210 92.0 107.31 3.4011 UCET 
50150 482029 43.0 / 108.29 2 6 Е 
0 0201 4.225 40.0 108.29 127C ОРО А АНИ O 4 
6 0212 4.230 33.0 108.62 ШАЛА 
0.0224 4.25. 28.0 108.95 ТЕ: 
ШАШ 5 445235 23.0 108:95 197740293200 114 
0.0246 4.239 20.0 108.95 11552 20 9I 2 
0 0258 4. 255 18.0 109,14 124 Е 
010270 4. 2359 16.0 109.21 бр ЗАТ) 
006201 4.256 14.0 109.14 ОО ое 
030295 4.2359 13.0 109.21 ба та тт т 
0.0595 4.240 12.0 109.28 "ЗЕГЕ ТІГЕ 


72 


TABLE C-10 GEIL DATA И 


y/c HOTWIRE RMS VELOC RMs-V NORMALIZED 
(in) Ouo ШУ а | VELOC КМ5-У 


= = = «шы» «шш» oe _ = = = = = _ = = = = = =e — s = = = — «шы» «шш» «шш. «шш» — => «=> = «> «шш» ень вит» ит» «шш. «ғы» c= 
_ = am оқы» оқа» «шш» ж» ии» ақы» оқы» ae oe am a am «шы», = «шш» = ат. «ии» == = «ш-. — — am = = A — _ = = = = = 


0.0005 DOS 142.0 55.10 4.96 0.851 0.080 
0.0006 ЗСО ОСО Sod. 4.06 0.869 0:079 
0.0007 оо. 4.68 0,591 0,075 
0.0009 О ole ee on. Ga 4.81 02923 0.077 
0500)? > БОДИН Тас. О. 4.73 0.947 0.076 
0.0015 зрее ISO 6). GI) 464 19.971 0.074 
0.0018 Оо со, 4.19 № 001 0067 
0. 0022 0 104 (Ооо. до 4.03 1.0147 0.064 
0.0027 3.6505 5. Gp 4 3.60 1.032 0.058 
00032 3.650 SO od. Gi 3.21 1.035 0.051 
0.0037 3.845 ПО. 5.061 WE 0490 0:049 
0.0043 3.863 C6 O 5.6 2959. 21,051 0.043 
0.0050 3 0 СИЕ. Е 2.2210 02039 
0.0056 3.860 o j O 2932. 19490 0 0585 
0.0064 3.864 В о Шо. ОО 
0.0071 3.860 о ја “2.25 1.049 9056 
0 0079 3:061 О о. 56 2.25 17950 0.056 
0.0087 22032 ӘБЕС, 222580) 12040 07025 
0.0096 3.849 29:0 SOS 7:2. 30:8: 5017042 20.033 
ФЕН ЕУ 3150/99 О 62. 1.0360 9 0:055 
0.0114 3.630 OT 5434 2. 28M 1.0590 050565 
0.0124 Sio 1 ЕЛЕС 722220 120351770026 
ШӘШГЕЗ 3 22922 БОЕ. ШІ 2207 71-026 0.02 
50143 3:002 Fons. S f 2 l О. 
Ш- 9153 3 2905 ЕЕЕ СТОИ 1.9:-4 7 0.034 
O00163 3.199 0.121575]. 011 Сове 
0.0174 S UE 90 40.20 1527 “0-677 97926 
0.0184 3 190 Downer ЖЕР 20904 10006 30:053 
Qe npe 3.193 SAO GIA ИО. e S 
0.0205 SS T SOO E244 2,04 1.0007 0.033 
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TACLE И GRID #l1l DATA . 30C 


ам, 


VE HOTWIRE RMS VELOC RMS-V NORMALIZED 
(in) (vol) ( mV ) (£U/s) (tU/S) VELOC EMS V 


0.0005 3.842 156.0 5437 6.1200 а 
0.0006 3.861 151,0 65.56 5,96 И 
0.0007 3.905 152.0 671.51 6.0200: 51 ЕЕ 
0.0009 3.935 155.0 659222 6.2 ЛЕГЕ 
0.0012 3.987 150.0 10:54 6.169000 Р НО ОЈ 
0.0015 4,022 151.0 72.091 6.293 1092 еее 
0.0018 4.075 150.0 74.52-26.50 О 
0.0022 4.117 143.0 76.11 6,15 350 9 MURUS 
0. 0027 4.148 133.0 77.45 5.1.0.5) 0 
0.0032 4.187 123.0 79.169 5.410 9 G E O 0 
0.0037 4.206 100.0 90.00 4.420.966 O OSS 
0.0043 4.228 97.0. 80.97 4:32 0 т 
0.0050 4.248 80.0 81.87 3.59” 0795 Е 
0:0056 4.251 71.0 92.00 75.19 90: 9!9 0090 0 
0.0064 4.270 68.0: 82.86 J.07 TOO ORE 
0.0071 4. 272 60.0 82.95A 2.715 0 p ПЕ 
0-0079 4.217 58.0 853.17 2.62 1.00 NER 0 E 
0.0087 4,211 57.0 82.90 2.957 1 0615050 l 
0:0096 4.275 57.0 83.08 2.58 ЭШЕН 
0.0105 4.280 56.0 83.31 2.51 би 
0.0114 4.271 95.0 82.90 2.4868 TOO O 
0.0124 4.21 56,0 82,90 92.53 5715001 8 O ла 
0.011. 4.270 o O OO на ено 1.001 OO 
0.014 3 4.272 55.0 82.95 2.40 ть 
0.0153 4.271 55.0 82.90 2.499 1.00 sns 
0:01 = 4.261 54.0 82.72 2.49990. 9 ШК 
0.0174 4.270 57.0 82.86 2.57 ПРО № 
0.0184 4.269 97.0 92,81 2.97 па а 
0.0195 4.268 53.0. 82.11 05 2.39 ПЕШКЕ 
0.0205 4.266 22.0 82.8112. 35. ОЕ 
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Ə — — G O G O G O — O — C OO O O O O O O O O O OG O O O O O O O O O OO 


y/c 


(in) 


чать ать 
-— ست‎ 


TABLE C=-12 


HOTWIRE 


RMS 
(volt) (mV) 


GRID #1 DATA 


VELOC RMSZV 
ECW SETS) 


Joco 168: 
3639487153 
ИО. 
9.10% 183. 
РОН 130. 
319202 142. 
210007 129: 
3.918 144. 
aS 
349990 145. 
4.008 142. 
4.0605 1325 
20095 27 151. 
41037 126. 
4.122 116 
4.159 104. 
4.161 99, 
4.185 за: 
4.205 паг 
45211 Т 
4.217 68. 
4.219 63 
4.224 62 
20795 60. 
4.221 60 
4.220 59 
4.223 58 
4.229 60. 
4.221 с] 
4.273 58 
2.223 57 
4.221 58 
4.229 60 
4.225 57 
4 220 56 


осососоосоосооооосососооооооооооооооооооо 


91 6:4 86 . 106 
ООДО XE 
60 6905.6; 
от 
03509 - db. 39 
64.5 5.55 
60.03. “5247 
CEES 578) 
БА Ш». 
"D. Ai о 
ТЕ. 5:99 
1209985 . 2 
466 о 50 
m5. “39 
60S 500 
/7.06 14.50 
0.02 4.2 
О-о 
ПУМИ КИ. Зао 
80. 22 73:5 
80.48 -3.02 
ср Бо 2.80 
e0. 79 2276 
SO...) 2.67 
60 93 12-67 
DOPO 
dI 2,58 
С MP 27% 
60.9. 2254 
ВИ. о 2,58 
Su. 07 2.53 
80:93 6 
9 0. — 2-006] 
0 ва 2204 
80:62 29 


75 


39C 
NORMALIZED 

VEEOC "RMS5-V 
0.715 0.076 
0.734 BOE 
0. 715520. 070 
0.778 mO. 068 
0.792 0.067 
0.800 0.069 
0.819 0.068 
0.841 0,072 
0.859 0.074 
0.874 0.074 
0.887 OUD 
0.898 0.068 
0.926 “0.069 
0.935357 0 057 
0.947 0,062 
07956 20356 
0.968 0.054 
0.981 0.048 
0.992 0.043 
0.995. .0.039 
0.998 0.037 
0.999 0.035 
1.002 0.034 
о о 5 
IL O0 Oe OSs 
J 000 70.02555 
1.002 7020252 
I UO USS 
Шау 97050 
1002 0.02 
IOUS 05022 
Пай 0.932 
i008 0-053 
T.0033 0-031 
15000 0.031 


TAELE CES GRID #1 DATA .40c 


y/c HOTWIRE RMS VELOC RMS-V NORMALIZED 
(in) (volt) (mV) (£t/s) (ft/s) VELOC ERMS y 


> > > => > => -— «жиа «шы» кым» _ = = = = = = _ = = = = _ = = = = _ = = = = = шы» am йы» «жж «шн» «шш» 
_ — = = = = – = = = = == _ = = == = = == _ = = = = _ = = = = _ = = = = = - = = = = = 


0 0005 3.735 144.0 60.69 5.44 OS OU 
0.0006 3.769 138.0 6196 сЕ ТИЕУ 
0.0007 3.773 135.0 62.14 5.17 Е 
0.0008 3.792 134.0 62,67 95/17 pO oO os O 
ОВО 3.809 137.0 65752757531 4% ЕС 
0:0015 3.827 138.0 63.22 5739 51 E 
ORC OLS 3.838 137.0 104.6592 5. OT EE o NUI 
0.0018 3.871 142,0 65.95 5.63 саат - 
9.0022 3.912 138.0 67.595 5-21 СУА 
0.0026 3.944 138.0 68.68 5051 300 7 "NO al 
0.0050 3.957 141.0 69.41 5. Е 
10/0 572 3.983 132.0 70:48 5:74 - 
0.0040 4.028 130.0. 72.54 5-43 ОУ ШИЕ 
0.0045 4,028 124.0- 72,384 5718 ОСОНИ 
0 0051 4.052 113.0 73.35 4/76 ви 
0.060057 4.083 108.0 74.66 4.299 2099 EMI 
0,0065 4.102 102.0 75.47 46 СИЕ ЕГЕ 
ОООО 4.118 93.0 76.16 4700 0 1 
0 0077 4158 84.0 77.02 З бА ЕОс 
0.0084 4.140 78.0 17.11 3.30 а пот поели, 
0.0092 4.151 72,0. 77.98 3.13 о 
U 100993 4.161 67.0 78.02 2.92 ШО 
Up 4.155 62.0 77,9: 2.0 Еа 
UOT 4.166 63.0 78.24 2.75 ИР 
0.0124 4.169 61.0 78.37 267 ты 
0.015252 4.167 62.0 78.28 до м = 
0 0141 4.105 62.0 78.37 2.71 ОИЕ 
ООО 4 EDI 60.0. 70.41 2.62 ЛИЕВ 
Dog Э фа ша 60.0 78.46 2.62 чоо OSS 
0.0168 4.170 S8.0 18.41 2.58 00 м 2 
GOOLE 4.169 60.0 78.37 ` 2.620075 ПЕ 
0 0157 A12 96.0 76.90 2.4 ПИ ИЫ 
U UTE 4. 112 59.0 78.50 2.590 о 
06 0206 4.125 90:0 70.54 2, 4S TOO ГЕНІ 
Пеша ро 4.172 60.0” 78.S0 2.635981 в = 
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ооо ооо ооо ооо о оо оо ооо ооо 


у/с 


(in) 


TABLE C-14 


HOTWIRE 
(vert) 


RMS 
(mV) 


hh DP ضضض‎ J a دت دن دا دی ین‎ CO C9 CO CO CO CO CO CO 


с» сэ с) сэ со © о о со о о о о оосооооооосооосоооооосоооооооо 


GRID HY DATA 
VELO@ 515 -У 
ООСО 
ЭЕ 5,17 
РР 25 
S8. 99 „4 „93 
9. В 185. 82 
Бо за “>. 02 
ol.) 4.97 
Ба SUS 
БАН SIUS 
БЕРДЕН: 5.15 
Бара. 75214 
BG. oo 25:14 
be. Se 5712 
Do. EU Э 
UO 5217 
Ша 2217 
Ja. o 4320 
12:54 4.56 
ПІЛ 4201 
nd. 4.16 
>. ee 5-05 
"uU. 2.41 
06. 995 3:96 
6. DO (3.03 
ӘШІР 9 
Uu. 2090 
Ш.52 2215 
ШІ. 2.64 
09.940. 225539 
UE. 7255 
TIR. 2.68 
7. Да 2,695 
Шу. Ш 2462 
[E . 22659 
y . 2 2.56 
I.0 2756 


.45С 


NORMALIZED 


VELOC RMS-V 
OL igs (7052 
Е ТУЗО. ОС 
0.759 0.04 
0.769 0.066 
Ш-ҮӘІ” 02055 
0.789 0.064 
0.804 0.065 
02440 5 9055 
0.865 0. 065 
0.846 0.066 
0.959 00066 
699 0.066 
un oo 0 UGG 
0.904 060 
092190 :0. 057 
6.92 O OG 
0293 OOS 
0.958 0.056 
0.961 0.054 
0-974242 0-050 
9.979527 0.045 
оо 0.045 
0.959600. 053 
0.9999 0:039 
EO OUST 
ЭМ 9.95 
ur 99:2 0.053 
ООО 02055 
Оо 0,055 
(о 0034 
n 9999 0.0325 
m. 9990.0, 054 
O. 90S OOS 
FO O05 
1. TOU. 0.033 


{| 


м 


TABLE CIS GRID #1 DATA AUC 


y/C HOTWIRE RMS VELOC EMS VY NORMALIZED 
Gun) (volt) (пу) ОСИБ ЕЕ БУИ дето сие IO y 


т. «нш. қыш. қыш. қыша == — — o = — — — s m  — — — U — oe ee ғ қыш. «шы» wei ee — «на «шә» «ш-н шш. 
= ————— — — s = ыш. «шы a= ————— т. «нш. m o «мш» мш. «жш. ыш. «ышы — «жш» аш қыш. еше» «ж-е «әш. «мм» 


0.0005 3.698 140.0959. 300 ОСО Б 0 
0.0006 3.124 142.0 600290050350 ЛЕ С 
0.0007 3.747 145.0 9361.14 5.50 90 150 ТЕО 
0.0009 3.778 140.0 52,3% 5037 7565 С 
Qu SET 3.795 142.0 62.98 S.46 ОЕ ЕО 
0.0013 3.017 à134.0 9865-9595 21 РЕСЕ 
0.0016 3.834 138.0 64.50 бгл О ОО 
0.0019 3.870 141.0 26579] SSO 0 
020025 3.912 137.0 67.59" SSO o OMNES 
0.0027 3.931 139.20 69-35 565270 ЕРИ 
0.0032 3.939 140.0 68769 5.68110: vice 
0007 3.988 137.0 10.65 5.6.50 Е 
0.0042 4.019 137.0 71.37 917770 NIS 
0.0048 4.044 135.0 73.01 5.67 100 шо 
0.0054 4.063 132.0 13.801495. 590 00 pP o 
0.0061 4.089 131.0 74.92 5.58 0090 ME IN 
0.0067 4.142 128.0 77.19 “45752 95 БІНЕ 
0.0075 4.142 122.0 77.19 5.29 0 те 
0210062 4.177 109.0 70.72 4.76 О О шт Шы. 
0.0090 4.183 102.0 78,98 4:48 ООЛ О О 
0.0098 4.205. 100.0 19.95 4.42 1800796 2E EE 
0.0105 4.220 86.0 80.62 3.82 0.974 OOS 
а 42250 84.0 951.42 3.75 Шо EUIS 
0.0123 4.248 83.0. 81.07 3.72 019 кои во 
00.01352 4.245 719.0 81.73, 3.94 On o s p n 
0 0142 4.264 71.0 82.59 3.20 ЕЕ 
0 (151 4.260 69.0 82.41 3.10 ТЕК 
ОБО 4.255 11.0 02.96-05.19 ЕКЕ 
ООО 4.263 64.0 82:54 2.80 в OOS 
0. 0150 4.210 62.0. 62.86 2.980 IDOL A 
0 0190 4.269 66.0 62.5: 2.90 Jl 00 rc 
0.0200 4.265 61.0 82.65 2.17.10. БО ЗЕ 
0:0210 4.268 63.0 82.77 2.04 O 9S OO 
520220 4.274 64.0. 93.04 2.89 РО 
0.0230 4.269 60.0 92.5: 2, 7. ОО 
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TABLE C=16 СКТО 1 DATA .55с 


y/C HOTWIRE RHS VELOCSEMS-V NORMALIZED 
(in) (ole A nv) SEUDtAS)  CItZs)SVEbDOC 3RMS-V 


— ме ым» «шы. «шы «шы» = > => > > > > > > = == — шш» ценно — шь - = = = = = am ame са hs Q Q о о 
= = 
— — хз «жж» = = шы» ели» | ците ыш» ша» анны чино e am шы» ~ ашшы es oe = a шь о о = = о “s о 


0.0005 Som 149-0 96.9 5 0.702 0.067 
0.0006 о 150,20 52.25 5:54 ЖЕ718 0.068 
0.0007 3.604 146.0 В. В 5.49 10.724 0.068 
0.0009 3.71 6144.0 60.03 5.41 3.740 0.067 
00011 35 74197 15.0 190.97. 5749 0.751 0.066 
0.0014 SEEN 65.0 62.29 5.60 39.768 0.069 
0.0017 ЗО БЕ ТА ЈО 762.998 5744 9.775 0.067 
050021 В. 14570 3693.99 9.14 0.783 0.071 
0.0025 ЗОО АЕ 364.99 5.59 0.7). 0.069 
020030 ОИ 1 0 6. = 5-61 0.81810. 0569 
0" 0035 о ом. И 2) 0.9529. 0.070 
0.0040 Soma SO во, 5277 0.6350 0.071 
0.0046 Оо. 5.68 49.55 792905070 
0.0053 РТС, 52101 №68. 0063 
0.0060 АСЕ са ТІ, 2 555 28097 0.070 
0.0067 ШЕР ТЕ 732,050 5.55 090 000 
0.0074 20668 T3195 24.99 5.5202 0.923 0.069 
0.0082 12980 о 5 .W 5.36 0.933 0.0656 
00091 2 MELDE 120.0 76.85 5.19 0.947 0.0654 
0. 0039 ВИО. ЕЛ 24.74 00.95171 0.058 
0.0108 4251 0 IOS UO 78.57 4:59 39.966 0.057 
ООШ 4.190 SIE IS 29050 ОЗНА 592055 
0:01:27 4.203 О. Г 3.9 0.984 0.049 
50157 42207 ӘЗІР ОЛ 3.67 49.986 0.045 
0.0147 4.214 ВОО OLE 3.55 ОВО 0.044 
Ооо) 4.255 ZEE]. 3.44 Bb. 0028 0.042 
0.0167 4.238 ОН. о 5,0 BR .00 0.05] 
0 0178 4.230 CUM 6 —2. 9» Ш) 0.037 
0. 01068 4.229 640 51,02 2.90 w$4.995 0.035 
OR 0199 4.230 ВО отне 06. 3.064 0:999 3 0.05355 
Ото г. 28 бот. 2.99 №... 0.0% 
O02 2 | 4.230 6420 g1. 06 2.55 5 00 
250233 4.231 6570 ee) 8 020 92-035 
0.0244 4.230 ОО 06 2 6587 05908 0055 
070 255 4.252 БӘР ВТ 2:94 2.0008 0.036 
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ПАЛЕ КЕ = GRID #1 DATA ,602 


у/с НОТИТКЕ КМ5 VELOC RMS-V NORMALIZED 
Dm) (volt) (MV) (ft/s) (£t/s) VELOC RMS-V 


— — D =— = «сы» ғ. «ши» «шие о «мы» — s س‎ — --. «ә « = = чино «жж» «шы» = = Бон Р 
ж. «жм. «шк» «мы» өше» «ы» — ee a سے س ج‎ «жы» «жы» سس ت س‎ синю «жә» ee oe «ши» ғ. «жи» «ши» «м.» «ши» — — ome «шеш» «шеш» — Бо 


0.0005 3.570 165.0 54.647 5.98 po o 7 son 
0. 0006 3.589 162.0 55.32 И УЕЗИ 
0.0007 3.601 153.0 55.75 25.595 fo 65 n оте 
0 "0009 3.631 151.0 56:93 5.50 В - 
0.0011 3.675 151.0 58745 5. 80 2 пи ОРО 
0.0014 3.684 149.0 58.78 f 5.550m0 725 Kon аа 
OOO? 3.710 -143.0 739.75915. 36 TROT EOR 
020021 3.737 147.0 60.77 9529560 0 SO oe 
0 30025 3.784 145.0 62.56 9 2070 Ағы 
0.0030 3.808 153,0 6325406 59 MENU ME 
0.0035 3.835 150.0 64.54 эти 
0.0040 3.853 141.0 65.24 5 550 ОИ 
0.0046 3.890 „145.0 66.71 51:12 ата 
020053 3.939 148.0 68.641 6.001 9. 53 = 
0.0060 3.953 (150.0 69.25 6.1: АЕО 
0.0067 3.993 145.0 10.59 5990 мин 
0.0074 4.021 137.0 72205 57 p OD 
U. 0082 4.040 136.0 72.85 509% 0 и 
0.061 4.079 131.0 74.49 5,559 ЛИР 
(О о 4.097 119.0 75.26 5.08 ЭС ЕК ЕЕ 
06.01085 4,127 120.07 75,55 5,18 10. 9-Е 
0 0117 4.144 109.0 1.29 41 ом Е 
070127 4.165 110.0 78187 4. 0000 SIE TO ES 
DES y 4.176 100.0 192597 48355 ЛИТЕР 
0.0147 4.198 94.0 772644 БЕЛЕ ЕТІ 
По ши си 4.20 88.0 79.66 3.89 м 
Те 2 4.214 84.0 80.35 3.72 Ш 
0.0178 4.226 80.0 180.88 3.56 5 ШӘ 
De Oss © 4.221 74.0 380.656 320 О 
Олово У 4.227 71.0 80.93 316 о. 
0.0210 4.220 70.0 7780552 3. S ТЕГЕ 
"0221 4.228 68.0 80.97 30 оо 
00233 4.229 67.0 87.02 2.99 NU S USE 
0.0244 4.220 68.0 60.652 3.0210. ШШ О 
00255 4.230 70.0 61.06 3.1. I OUI ENSIS 
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TABLE C-18 GRID #1 DATA .65c 


М/С HOTWIRE Емо VELOC RMS-V NORMALIZED 
( in) (Volt) (МУ) (ft/s) (ft/s) VELOC RMS-V 


0. 0005 В п 55.27 6.10 0.659 0.076 
Oo 006 ТӘ ТТ За, 2 650205 Ш573 094075 
0.0007 ЭР то ОШЕА. 7523 Ш677 0.071 
ООО S ID 61 055. ma 5.52 j 655 0.072 
в 0011 SU 2 БОИ 56, Де 5:64 001057 0.070 
0 0014 DENM SMS 55.50 5255 02722 0.070 
0017 оо... 5 0.7307 0.063 
0.0021 р 0.) 5381 09.7405 0.072 
0.0025 s 7108154208 60.85 5.83 0.754 01072 
0.0030 Sew 0955209 Ge. 2 52.66 №70 0.073 
Ж ЕЕ БСШ 155200 55.22 5,92 0.764 0.073 
0.0040 SISE UO GEES. Oo 6206 32.790 0.075 
0.0046 и ] 56: 0565.0 6,21 0.306 0.077 
0:00:53 DONE 4. ОБ. 6.14. 0.927 “0.076 
0.0060 SCUMNES 1565099507 .5E 6:27 0.557 .0.079 
(ОВУ s 149200569 .00 6.04 0.650 0.0/5 
0.0074 ОИ КЕ | БИН ТО. ОБ. 5 22 05574 0.077 
0.0082 ӨРІП 1497005711 6.17 (0.650. 0.076 
0.0091 ҮЛЕН 140. 0172.05 5.83 9.892 0.072 
0.0099 АИК 136. 00. 41.2. 5.395 0.919— 0.072 
0.0108 40555 129. 019975 .92. 5.45 0.928.  :0.069 
0 0117 ци ва o 055 5. 5:49 70,929 0.068 
0 0127 alee 112.01 1765.88 4.84 0.952 0.060 
ШЕР: 37 Looe 117. 0 17.5 5 09 07963. 0.065 
0.0147 ЖС 10902 79.20 4773 0.991 0.0529 
0157 4.185 BS ИӘ ЖШ” 4535 0.9797 0.054 
poro] 4.200 O9 0S Sc 433 0.987. 02054 
0 0175 4. 215 ӘП: 4.00. 09005 
00.01889 4 BJ в ом. 2,607 02755702045 
0. 0199 4.214 РАИ А и оте 29955707046 
0.0210 4.220 SUUS o273 7551995399 0. 0494 
ЕО РТ 4.220 оо S242 02240 20.047 
250233 3 225 о Sd cce css 0.930 
0.0244 32. 221 MOE O оо с o) 50 7089 
070255 52213 АО ри о оО 


81 


TABLE C-19 GRID #3 DATA .25G 


VIG HOTWIRE RMS VELOC RMS-V NORMALIZED 
(in) (volt) (mV) (ft/s) (£t/5) VELOCHIRMS V 


0.0005 3.589 111.0 49.40 ои АС 
0.0006 3.638 103.0 ( 51.950m 5.418 F GS s 
0" 0007 3.674 103.05 953.84 9» 5.55 О 2 ise 
020009 3.709 96.0 55.75 ЗИ ЕИ 
OZ 0012 3.749 92.0 58700775224 "РЕТ 
0. 0015 3 501 79.0. 51,027 74067 аста o 
0.0018 25629 76.0 63:29 742617 20:575 OI 
0 0 2 3.874 64.0 65.44 3.98 11. 906 ООС 
0.0027 32865 60.0 66.13 3. /6 TIFO R NIS 
0.00 2 3.879 49.0 65.15 3706 орела T1 TUI 
0.0037 3.083 47.0 66.00 2.94 ТОТА” 5 
0.0043 3.880 45.0 65.81 2.81 ОИЕ 
0.0050 3.892 42.0 66.57 2.64 17907 00 
0.0056 3.690 45.0 66.44 2.1 1.02 1900 
0.0064 3.058) 42.0 7166.38. 2.642 1.0200 ОА 
020071 3.886 44.0 66.19 2.769 1. 01] АЕ 
ОЗИ 3.6680 42.0 65.81 262 TOIL PEN 
0.0087 CEE 42.0 765.75 2280 ОЛОРОН 
0:0096 3267 43.0 65.75 2090 2 150118 oh 
OCT 05 2:95) 39.0 65.81 2.45 IO ys 
0.0114 S 41.0 65.63 12.22 791.0092 DE. 
0.0124 22012 42.0 65.69 2.62 1 ОЕ 
Оза 3.874 37.0 62.44 2.30 1 И 
0.0143 27875 40.0 655.63 2749 771 ШО АЦЕ 
0. 0155 3.5 39.0 65.38. 2.42 201 00 2 
0 016) 250970 41.0 65.19 27255 ОО > 
0.0174 JO DS 39.056 65-13 2,42 pino Oy 
0.0184 32861 38.0. 65.0] 22202 Ш 
0.0195 34. 870 39.0 65.19. 2.42 O T SE ns 
050205 3.868 38.0 765.07 2.35 “ООО 
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TABLE C=20 GRID #3 DATA .30c 


SAC HOTWIRE RMS VELOC RMS-V NORMALIZED 
(in) (OMS (mV) (£t/s) (ft/s) VELOC RMS-V 


== == — Q — > «шы or = —— — > s s“ s  — — => > > > == mm are mm ae -a о s c == и s шы» 
та => => => s т ма “< s s oe о — — «шы -  — о —€— c — — — қаға oe == mm mm سے ست‎ ae -=a mm = mm O 


0.0005 о а УВ ОНА 777177 (0.2786 ПО 
0.0006 250001522) o2.08 6.95 0,800. 0.107 
0.0007 Е сз. 7O00 0.817 05109 
0.0009 ООК ЭТО ЗИ. ОЕ 7.19 0.638 0.110 
070012 Тат АЕ 55.00 7276 7022859 02111 
№. 0015 а jw UM о". 77227 175857 702117 
0.0018 Зои 124207 59.02 7215 1.907 0.110 
0.0022 Sn 8112.0 2060.3 "6.90 0.926 0.101 
0.002717 SCENE лишио DOGS. X5 65.156. 0.9502 0.095 
("00532 3.848 О ОО. ВИ Б^ 0.980 0.095 
020037 3. 85. 76.0 БМ. 4,65 i964 5 020 71 
0. 0043 22665 ІЗ 64.76 4.50 1.994 1702069 
09050 3-85 OU CSN SII), 199 (7050 
050056 3.881 О 066 3.06 1.011 0.047 
0.0064 30682 295.9 3.06 1.012 0.04) 
0.0071 3.884 ПО. 2297-2074 198-045 
0.0079 3. 889 о. в 22006 1.015 0.0427 
0.0087 3.820) 42.0 66:44 2.64 1.020 0.041 
0096 3 899 АЗ DEDOS. 9 ЛОТО IOS UOT 
в. 910.5 34:09) 43900866. 44 2.70 1.020 0.047 
0.0114 3.886 йе У 
№9124 3.864 ПИО ОССЕ О У OOS 
01233 3.88.) ace MEL 6 005 2 5531 01 20 90.39 
0.0143 3.980 ДООЛ Ба Во ако 1.011 05040 
О 53 3.876 415086 ЕР 2-55 17007 00035 
(50163 У ВИКИ ПОВЕСЫ 240 21020050 00051 
070174 35 420 0 2.38 1.0039 0820935 
0.0164 3.814 ЭЛ ӘБІЛ 2236 о Ој 106 
00195 3.99] SJ 0E 65 l 22529 CE QUE 0.0352 
50205 3.869 3529 GESTS 245 0 30:037 
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ТАРЕ = GRID #3 DATA 7256 


y HOTWIRE RMS VELOC RMS-V NORMALIZED 
(in) (vol) (mV) (ft/s) Crt/s)TVEDOCNMP MSS 


— — - «шә: «шш» سس‎ => > > — oe — — “ s s s «ж-ш — — — s — — => «шен» «ж» e س س س‎ — ли — қыша қыша س‎ 
© سسس سس سس سسب سے‎ = => ee -e =m me ДЕ m v тш —  — s — ~~ O ~~ س‎ —- —— —— = > oe —— => 


0.0005 3.548 123200747. 55 006.04 2800 212 UA 
0.0006 3.557 126.0. 41.60 6.235 0 ooo 
O OOO? 3.584 125.0 49.14 6.31 0.748 OU 06 
JU OUS 3.611 123.0 43592277559 СИЕ 
O OO 3.638 122.0 51.93 6.41 УЭ 
ОСОО 3 3.649 116.0 52.5116. 14110 Е 
0.0016 3.677 117.0 54.00 6.3210. 062 (ee 
0.0019 3.693 122.0 "54.87 21656700055 Е 
00023 3.711 124.0 55.86 936.907 009 DENS 
O OO 3.742 118.0 51.60 Боб ОТТЕКТЕ 
0.0032 Jj. 761. 113.0 990.09 УА ТЕ 
279 012527; 3.788 109,0 60.2516. 951 Иси 
0.0042 3.806 101.0 61.31 2.93 ми 
0.0048 2525 95.0 62,.32775. ТОЗ ЕЕЕ 
0.0054 3.848 88.07 63. 84TT 3. 37 TOTO I 
OROG T 3.061 75.0 54,64” 4.62 554 ЕК! 
0.0067 3.612 70.0 65:32 4. 34 (999 USE 
0.00 75 3a DOM 61.0 56.50 5.64 T0172 O OE 
0.0082 32055 51.0 56,94 3.22 КЕ 
0.0090 3.909 49.0 67.32 3711 ШО: 
0.0098 2295 45.0 67.39 2,86 ТОСА n 
0.0106 3.899 43.0 67.01 2.72 1.0250 ШИ 
O 0115S 3,595 42.0 66.76 2.65 1 ЗО 
00125 35230 42.0. 656.63 2.64 паша 
0.012 3:59 90 40,0 66,44 12.51 1215011980 0/555 
0.0142 SON 40.0 66.63 2-52 20520190505 
U U151 3889 42.0 66.38 2.64 F1.010 O O0 
0.0160 32524 43.0. 665.25 2.10 TOO и 
0.0170 Cel 42.0 65.88 2.62 1.005: 0. 040 
Do 3.896 39.0 666.31 2.45 0150103980 0 
0 TOTO 2422! 41.0 66.25 2.57 РИО 
0 0200 3.888 41.0 66,317 2257 TOL pn 9 
ОР 3081 39,01 65:88 ` 2.446100 JEO D / 
0. 0220 3.680 38.0 65.351 2757 0 jo O 
0.0230 3.825 41.0 65.6) 2:56 ОО - 
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PABLE C = 2 


~ 


GREID 43 DATA .40c 


RC HOTWIRE RMS VELOC RMS-V NORMALIZED 
m.) (volt) (mV) EES) (ft/s) VELOCTIRMS-YV 


— > => => = ешн ب‎ a — — — — => => «шш» еә» сн ены ӘӘ = = = = = = – = = = = = == еә енә о 
= = — — — — oe eee ie «шы» о m 


— — — «шш» «жш» = > => => = — «шы» «жс «жы. oe oe = s .-ә-- 


0.0005 SS 118680 49.80 6.01 0’ 02086 
0.0006 s DS] ОБО. 5.92 0:743 0.057 
0.0007 3:61 ТИ? O Sow. ote 6:03 0,744 0.089 
6 "0009 Улан о. О 52.10 5,75 Q@.768 70.085 
0 "0011 С Ир 52.40 5292. @.771” 0,087 
0.0014 GES IIS. O 5 0 0.8 T 5:00 395777 02085 
0:007 7 О Це 0.0 54,60! 5:29 57803 0.088 
0: 0021 У ОНИ о Ооо. АЕН 5222 752016 0.092 
0.0025 ӘЖЕ из 0.555. 9657 6.235 (835 0.093 
0.0030 ВИО ЕТ 7,66 6.18 19.845 0.091 
0.0035 OIN СО 09.55 6.15 0.876 (05091 
0.0040 БӘР Ро, ӨШ 5,92 10.592 0.068 
0.0046 SO ОСАО СИЕ, СВЕ 5 БЕ 907 0.087 
0.0053 3.854 986.0 6%. 601 6.9465 0.088 
0.0060 3. 85@ OT O4, SAI e947 0.080 
090067 22-058 т. о 4250 409580 02071 
0.0074 3.889 CO OD 6.35 aS WI 0.064 
0.0082 3.9086 ЄС ОО. 3599 0.990 02055 
и оваа 3. 915 SCE U GB. 5.59 1.004 9:053 
[0099 Ji: Q SOO GE DM 37 T 1 005 0 0497 
0.0108 35997 48.0 68.47 3.08 1.008 0.045 
В. 0117 22 2720 таза 02 1 006 0.044 
№0127 S ИЦ ППИ 8-94] — 2570. 3E 007 0.040 
00137 Sao 474025600954 —2. Mu WE. 005 0.040 
0.0147 34:924 22906560 —2. AUR 1.009 0.048 
0. 0157 S5 20065 36g 2. 57 1.010F 0.055 
0.0167 За В CEE 54 204 1.005 0.059 
0.0178 кые ООО О ЖЫ LOOT OUST 
0.0188 23:929 Вт 2.08 1.015 0.037 
0.0199 3.221 що об са и 2.55 10070 0.035 
80270 3:9 9959 МОШЕ о 2569 тои тооло 
0 0221 J.916 Ез 208721008000 (02055 
0.9233 Зи О 62.0 100 0.034 
0.0244 Защо защо 69. 22.5 OOS 035] 
0255 3.918 259067 96 2-49 — 2990 0.07 
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TABLE сета GRID #3 DATA .45¢ 


М/с HOTWIRE RMS VELOC RAMS NORMALIZED 
(in) (vol! (mV) (ЕС/в) (ft/s) VEIOC RMS 


0210005 3.622 «113.0 1:51.09 105. 900 ES 
0.0006 3.641 109.0 52.0868 —95. ИУ АРЕ 
0: 0007 3.657 110.0 152.93 5.96010: = 
0.0009 3.659 108.0 3535045 ТБ ШИ 
0"0011 3.682 106.0 954727095 19 UT pO r 
020013 3.693 111.0 54.61 16 .0O7 S И 
0.0016 3.704 108.0 5574850 ЕСЕ 
0.0020 3.121 104,0 56.420 5. О ОНО Ае 
0.0024 3.741 107.0 57.34 COG о ПР 
0.0028 3.759 103.0 53.57) P S о TS 
0.0033 3.771 104.0 52,26 GC. OI 719 45 ШТ ШЕ 
0 0058 3.185 101.0 60.0875. 30-5 
0.0043 3.811 99.0 61:61 5.99 20. o TENDS 
0.0049 5.834 98.0. 62.99 5.92 Ш 01586 0 
000056 367059 92.0 62.135295. 100 9 У Е 
0 0062 3 896 81.0. 66.922055, 11 220595 0 УИЯ 
0.0069 Жош 719.0 67.32 5,02 3209564 000 118 
0 0077 3911 174,0 68.15 4.74 09750 00 5 
0.0085 So dA 71.0 68.35 “4255 Шо 
0.003; 3.94. 60.0 69.77 35.91390 os On 
0" 0101 3.949 25.0 70.23 39260 MEE DD MEUS 
0 0110 3-9 51 49.0” 70:36 3:21 T00 on ИЕ 
OO е 3 935 47.0 70,62 3.0) 1 тов 
O" 1 329 44.0 70.62 2.89] 9 051 ИЦ 
0.013538 ЗЕМ 40.0 70.95. 2.06409] 901 j 
0.0148 22292 39.0 70.82 257 ПОАРО Г 
0 0158 3.956 39.0 70.68 2.56 ЖИ Л ШИШЕ 
0:0169 3990 38.0 470.29 Е 2.49 АШ ГЕ 
ОО ыо] 39.0 70.15 2.57 ОКТОО я 
0. 0190 3.952 38.0 70.42 2.4901 O0 но 
0.0201 3.9905 30.0  70.62.—2 S0 END TOEIC 
ООА 3.996 42.0 70.49 2. Пон Ооо о пио 
0.0224 3:93! 41.0 10.09 2.269 09005 ШЕ 
(02:35 3.95 39.0 —69.96 2.9 А ООЛ ИШЕ С 
0.0246 3951 38.0 70.96 2.49 о > 
[jos 3.948 40.0 70.16 2.62 917004 990p 095 
0702 70 3.943 39.0 69.83 7-54 S oO С 
0.0281 3.948 37,0 70.16 2.42 Fl 004 В 
020295 3.944 39.0 69.90 2.541 В и в 
0:0505 3.944 37.00 69.90 2.415515 0 Б 
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[ABER C-24 GRID SHI DATA SOC 


у/с HOTWIRE RMS VELOC RMS-V NORMALIZED 
(in) (Volt) ( mV ) (Pes) (IES) VELOC RNS VY 


= == атан шш 4 s =т= == ~~ – = = 
= = => => = > > => — 3 oe a -— > > > s «= 


№0005 ЗООС Lowe. Zoe 6.09) 1710 0.0652 
00006 0.26 БОВЕ 02-123 0.051 
0.0007 s l O ва ЈАК 5.78 0-735 0-079 
i009 В. а. 605.9 М 0.742 0.061 
uUo. SOUS ENS. 0 54.95 5.97 (2747 0.081 
0 0015 Заоа 15.055. ДОГ 5.208 777653 0.082 
0 0018 И 1. о. 592 0.767 97080 
00027 ина птеп 6.15 0.793 0.0604 
Dei 7 S 105 0J55.55 6.03 0.609 0.0965 
00032 ТОЛ ыо, 594 0.818 0.0560 
U 0037 ОЕШ О O ISLS 5-97 19.8350 0.08) 
0.0043 9:2 0 30) ро ть. 591 11855 90004 
0 0050 Е В.О 64.06 6218 (0.870 0.064 
OUST Se ONIS EU NEG Бйз 20 892 0.082 
0.0064 35 9:05 ЕТЕР ІЗІ Gey 0.915 0.077 
020072 22729 ВОО. 9и 5.59 0936 0.0 5 
0.0080 3.941 ІЗЕТ 5209 0.947 49.0059 
0.0089 37 950 СООО. 296 4,45 "09559 70.060 
00098 3.97 GA Ome. 2 4.20 0.931 005 
050108 3 59 NET 7 ecu Se WO 963-1070 58 
0 0117 ЗЭ сотта 5256 (Зат 0D 
0 0128 Jo SH ДО Е. 26 3.10 0.95595 0.042 
0 0135 4.001 а. 9.05. 1.001 30504) 
0 0149 4.009 АПШ 4.2. 2.7 120000 0,050 
50161 4.010 ПЕ. ООО OOS 
0" 0172 4.090 4200 39.90 3.02 1.055 0.041 
0.0184 4.000 39,0 S3. 2.60 1.000 0.036 
№: 0196 4.001 ШЕ со 2. тр 1 D 920350 
0.0208 Se ONU 9. М 25:42 27.6: 0.997 0.036 
ПЕ 0221 4.003 В. 2:50 16003 07034 
150254 3.999 SOs be >. ош 00 
0.0247 3.796 РТ СОК 2. ome ева о 055 
0. 0260 SIS А О У а о 22050 0.037 
0213 3: 951 ӘРЕ 15720 255 700338070035 
0757 4.001 ШІРИ с p 2 5188120010. 053 
0.0300 3990 СОТО 0830 S 0 09095 0.035 
0.0314 32245 D 79707 4688 10259350800 053 
020326 32998 SEE Аи и 105957 0,034 
9:034] Jig NO EUM 15 2.28) 20599 7050351 
0555 4.000 SOG TG 6410000 .0356 
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TABLE С- 25 ӘБІП А БАТА ГЕ 


Мс НОТМІКЕ RMS VELOC RMS-V NORMALIZED 
CIR) (volt) ( mV ) (ft/s) (ft/s) VELOC | RMS-V 


— — — қын — сине -— E س س‎ m -— w = w 8 — — ашы» қына ын» «Ән» — Шы ~— ашы» «шә» тшт — > > — қош» 
= тыш кшш тшше и Еп سس‎ Ди s «әш» — «әш» «мн» s «мн» — шы» «мш» «әш» жән» Ші» «мш» олы» — _ -n  — — س‎ 


0.0005 3.656 "117.0 52589 6.23 ТЕО 
0.0006 3.673 115.0 0655579 6.20 E 
0.0007 3.676 113,0 53.95 6.10 Шаа и 
0.0009 3.689 113.0 54.66 6.16 0.72 Е 
0 "(012 3.704 110.0 55,48 6.06 2007549 n 
0920015 3.714 110.0 “56.03 6.115 0 7 E n 
0.0018 3.728 112.0 56.01 9 6. 25 po 5 Io sS 
050027 3.745 109.0 ОТИБ ВеО 
00027 3.768 108.0 59.09 65 2% 296 
070032 3.798 109.0 60.54 6 42 50500000 
0007 3.818. 107.0 52.05 6.340 TOTS? MEO ES 
0.0043 3.843 106.0 63.53 6:45 8 СИТИ - 
0 0050 3.878 102.0 65.69 CSC OCG ЕЕ 
000057 3.892 103.0 55.20.49 0-0 Gn jp n 
0.0064 32902 94.0 67.04 5.98 ВОЗУ 0 е 
0 00672 3930 90.0 66.99 5.810 1 po 7 
0.0080 22002 88.0 TOI TETS. м За Ты 
0. 9065 2202 81.0 273.0512 5.46 Uoc MEE oO 
0.0098 4.002 16.0 73.76 Эс 
0.0108 4.021 69.0 75.05 МАТА ЭЗЕ 
ОО 4:50 7 59.0 75.47] 4.07 0 O ЕИ 
0.0129 4.043 55.0. 76,590 927599 "EDISON UN 
0.0138 4.040 50:0 076.357 3310 ОЕ 
0.0149 4.043 44.0 — 76.55 w3 0T СОСО И 
ОС 4.049 43.0 77.00 ЗАО Ла О ОШО 
OTOT? 4.050 40.0“ 77.07 2.060) 015 UE 
0.0184 4.049 40.0° 77.00. 2560551 01 p Ове 
0.0196 4 Ше 38,0 7722529 2.97 (ЭШЕ 
0.0208 4.052 36.0 777222 2:52 0 Ша 
ОО 4.047 38.0 76.86 2.6 P 10 1 jn sS 
QS 4.045 33.0 T6. 72 2229 са теле 
0.0247 4.040 3239.0. 76.31 2. MIS MU UE 
0. 9260 4.042 36.0. 76.591 2.5101 а ГГ 
0"0275 4.029 37.0 7630-2-57 EIU DOMUS 
030287 4.037 38.0 76.16 2.54 ШЕ 
О. 903060 4.032 35.0 T5. T4522 2 EE OD Г 
0.014 4.036 36.0 76.092 50И ООС s 0 
050529 8. 91 40.0 75.14 ОСОО ИЕН 
0.0341 4.027 37.0 75.47 255 OS 
(DES 5 4.029 42.0 15.6012. ОЕ: ЗО TOE 
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TABLE С- 26 GRID #3 DATA .60c 


де HOTWIRE RMS VELOCTRMS V NORMALIZED 
(in) (Volt) (mV) (tS N ft/s) VELOC RMS -V 


— — a «шы» «шш» == — «шш. о —- е «жж «ыш» ашшы [ — = = = = > > > — ғ. «шы» => > > — — — — — 
ез ea шш. n ати сринат. — — s s «ғаш. — _ = = о о = — о — о 


0.0005 2.695 11l17 0 54.55 6.41 0.670 0.078 
0.0006 SUOMI USO. 6.40 0.677 0.079 
0.0007 ОСОО 6.90 б.З ЕЁ 850982 0.028 
0.0009 О 11 20 SSA 6.10195 8 657 702075 
"0011 s ош ОНА 6.24 0.69. 0.079 
0.0013 Т.М =. 6.46 0.710 0.079 
0.0016 S О Ss. oe) Oo) 13.723 0.077 
0.0020 сама лозе оо се ров 127352 0.078 
0.0024 О Вр Он оп. в 6.61 19.751 0.080 
0.0028 DONEC 107 1167.08 6:40 0.755 0.078 
0.0033 ЭС 5.052.999 6.99 10.767 0.080 
0.0038 БӘС MEUS Ба, 6:61. 0.790 0.050 
0.0043 ОИ МОО О сс. бебо 0.807 0.091 
0.0049 pua j05.0 060 6.69 6262 138.9815 0.061 
0.0056 SUC 1162 ЕТ. - 6.46 1.021 0.079 
0.0062 ыза? эс О у, 5.49 W.850 0.079 
0.0069 За ӘЗЕР 6.5 0.676 0.050 
0.0077 9997 ga мы ШІ 6:39 0.890 0.077 
0.0085 4.018 919209 ES 6.29 №.912 0.076 
0.0093 4,025 С ро SOLUTES OOS 
0.0101 4.051 ЛЕ cud 5.74 0.940" 0.070 
0-0110 4.064 К ОК ОШ о 5:55 308951 (20602 
(10119 4.069 PI SOME 40 5:209 225 70 061 
20129 25097 © ОО. 4.98 0.95908 0.055 
ШОЛ в 4.101 О О О А27 005. 0.052 
0.0148 2.119? Е ОМИ. вс 3.80 0:997 0.046 
00158 4.118 47.00061. 3.44 0.998 0.042 
( (169 4.120 ТШИ, (0007 3.45 1 000 0.042 
0.0179 4.125 ЕВ ІІ 2308 124092 0.055 
В. 9130 4.124 ЗО 225097 1.004 0.055 
. 0201 4.124 зо рио 2257 12004 70.035 
0212 4120 Во О. 00 10.034 
0.0224 45-1220 S4 O БИЕ 1500507 0,020 
1 424022 20502552 905999294 1 00 0.036 
0.0246 4.119 ЗБ ON е ОРИК 
0. 0259 119 ОО Ог По 9660 033 
0270 ЕД БОЛ ТБ 05032 
G 0281 4.109 т оо 4090 990 980. 029 
0293 4. I5 as O о оО 
050» 4.120 ОООО СОМ Б 006 0.051 
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TABLE C-27 GRID #38 DATA © aoc 


УЕ НОТМТВЕ RMS VELOCHRMS -V NORMALIZED 
(in) (volt) (пу) (ft/s) (ft/S) REL O0OCHERNS y 


-—— am ж. am am a «шә: «лы» ж. am am am «шие «ғы»: — ае «ша» «шы» «ш-ш «жиы» — «ә. «ш- «шә» «жә» ж. «ж» «жә» «жы» «шы» «шы» = = «шы» «ж» am == 
= سے‎ оғы» «ыш». «ыш» «ғы» е «шә» «шә» «жә» c= о = č a am s س‎ ж» «шә». «жә». q سے‎ — — s s ت‎ — — s s 


ЛО 3.682 132.0 54.27 7716 ӘЖЕ ОИ 
0.0006 3.718 127.0 0956 252 7.0 Л МИ КЕ ЛАА 
0.0007 3.728 126.0 56.81 7.06990 020 MEDIO 
06002 3.741 118.0 57,54 6.68 ЯШ > 
0: 0011 3.763 118,0 5990 GCS то о о на о о 
U UU13 3.795 116.0 60.66 БО БО је Ке 
050016 3.818 109.0 802053 6 ЕБ УЕ 
0.0020 3.825 110.0 62.45 6.610 0 2 а та Ша 
0.0024 3.850 109.0365. 96 X666 ШОБ о 
010028 3.861 110.0 564.63 СИЕ ОЕ 
0:0033 3.883 112.0 66:00 Е ООО ИЕ 
070038 3.905 114.0 (67.39 — 1:24 2905056 OO ee 
0.0043 3.916 111.0 365.09 TOTE НЕ пи UM 
0.0049 3,949 115.0 9230-0520 - ОСЕ 
020056 3.972 109.0 71.74 77224000005 5 
0.0062 3,993 109.0 о 
0.0069 4.008 .103.,0- 74.16 7 0: ОСИЕТИ 
0.0077 4.041 101.0 76.44 10 Сол 
0.0065 4.068 99.0 78,332 2.0 ЛГ 
0:50 055 4.088 95.0 19.76 6.92 0 DUET 
ШӘЛІ 4.110 88.0 81°35 6.41 тат 0 
010110 4.197 82.0 63.34_ 6.06 O Што 
OTS 4.142 82.0 83.71656 ..10 о о. 
UUs 4.161 79:0 4 85.13 5.395060 5 Op ns РЕ 
6.015909 4.174 70,0 86.11 оО ЗИ ИО 
0.0148 4.182 60.0 86.72 4.58 NEUE T p o 2 
0. 9158 4. 206 59.0 88233 15610 | 
0. 9169 4.203 901.0 88.33 3.94 1 оо 
0201729 4.217 44,0 89,42 3.43 3500 po O - 
ЕО 4.213 46.0 89.58 3.59 m 0 1-0 r Ua 
(UT 4.219 38.0 "89.568 2.9 ЕО 
болог? 4.215 38.0 89.22... 9 Wp OO Е 
0.0224 4.214 36.0 89.19 2.00 8 Coe 
ОО 9 4.212 34.07 299.03 2.64 али 
0.0246 4.214 34.0. 89.19 2. Би 
050205 да Ша 34.0 99:03 2:64 ОШ 
0.0270 4,209 36.0 806.80 2.19 0 0 Sp O 
00251 4.208 35.0" (08.72 4 2.12 SU EO ен 
0 02955 4. 205 36.0 66.33 2.180 О 1 
0.0305 4.208 34.0 88.72 2.64 1 ОП 
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ВЕБЕ С-28 GRID Fa DATA . 396 


poc HOTWIRE -RMS VELOC RMS-V NORMALIZED 
(in) (volt) (mV) (ft/s) (ft/s) VELOC RMS-V 


-— — s иь «ии о — «жы» _ = = ышы: ышы: чш» oe —  “ — s = -— — = = = = чи» «и» ee ee es oe 
— ти: очите ie — — — oe ee ie oe ешь — = "== "== oe Е ч» ш» = = = > > > > = ғ» «шы» чш чш» ч» чш» _ = = = = = 


МОБ 3.029 108.0 sco ты 19.735 07? 
ШЫ 4.068 103.0 ша T. 0.761 5071 
ВО 4.122 1.0 ӘЛ с. ШЕ 0.799 27072 
ОО» 4.152 101.0 В.Е. т 0.521 0073 
Dx» 3.225 100.0 зе вкл, Вт 0.8/5 0.052 
NUS. 4.288 104.0 За ше ват 9.924 0,082 
ВОВ 4.307 23210 So 7:07 т 
6500.2 4.338 88.0 39.25: ТОО” 1905” 0.072 
ОО 7 4.345 9. 0 99.52 7.80 0.970 0076 
00032 4.361 ӨР 1.18 06.55 p.983 0.066 
ШЕШЕ 4.369 Ge. UG ce 2009 13.990 0.057 
023 4.377 СШ. 0 002. 20 5.19 0.997 0050 
ОООО 4.379 да Ше КО. е 4.28 399 оба 
(500956 4.375 3797 EE .— 0.00 0935 0 000 
НОЯ 4.381 a0. 0S tee .30 2:58 000 9.025 
05007] 4.384 т. № 2-600 1.00 0.025 
ШОУ «4.578 ТЕС 229” 0.937 0.02 
в. 05 4.378 ОКОЛО, 2.3 09 20-025 
OPCs 4.384 Х.О. 2.60 1000 0,025 
woes 4.379 X 0EERET.uo 2.22 03999 0.022 
КОО ТА 4.381 20.00102. 2.499 1200 0.024 
РОТ 4.376 23.0 NP p 1.95 05556 1-015 
pus: 4.375 0.0 је 2.4299 05995 3-023 
pus 4.379 uM. 0 1. 2.5 0:999 10.025 
(07155 4.376 2.0 1102.3 2.590 0:956 0,024 
Peres 4.580 25.0 000? о 2:25 0.999 0.022 
0 0974 4.376 92,0 ІП) № 2.1 49.996 0.027 
Ши 4.378 29.0 1682. 4 2,50 0.5997 0.074 
> 4.382 де. Ошо ЧЕ. 2.00 17001 0.021 
(ДОО 4.381 27.0 чо 2.39» 1.000 0.023 
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TABLE С-29 GRID #4 pATA ,35C 


УС HOTWIRE RHS VELOC T RMS V NORMALIZED 
(in) (volt) (mV) (ft/s) (£t/s) VELOC RMS-V 


— = ешь тыш» тыш» тыш» был» бын» анне «шы» ~ = = s“ == = ~ s s“. = = = = = ~ = = = = ~ ~~ ت‎ s о ие. 
_ = = = = = ғ «шш» был о = = == = = == = = = = = = = = = = = _ = = = = a= _ ~ -- s s = 


0.0005 47008 Sucre 14.82 7.27 0,749 ЕШ; 
0.0006 4.044105 0 76,65 7.1897 92767774070 
0.0007 4.099 01 I170 ТД ТОРА ТЕ ДВОЈНИ 
0.0009 4700952 m 79.76 1.39 90798 АА 
0.0012 4. ШВ 851.64 7.37 0.816 7а 74 
0.0005 4.15 990 82.52 7.29 O B25 - 
0.0018 4.154 oy 84.60 — 7. 1200/19/46 07) 
0.0022 4519 ES ВИО В ОИ ОСОНИ ОО а 
0.0027 4,208 409 88.72 8.07 0.887 OT 
020032 4255 5610 90.83 7.73 950290 ores 
0.003537 4 9 930 92.74 7.45 OSL OOS 
0.0043 4.276 63.0 94.11 6.72 30-941 IDE 
0.0050 4558 74.0 96.40 6.10 0 964 ст 
0.0056 4а T iS poc 27:36 5,57 975 "анын 
0.0064 4 | 9o 99.31 4.60 19.383 ВОЗ 
0.0071, d o 49.0 39.48 4.10 Ооо Ица 
030079 4 та 282) 99.49 3.20 и - 
0.0087 46602 33.0 100.42 2:680 230042 5 
050096 4343 30.0 100.16 74754 N00 7 Е - 
О а 28.0 100225 2.37 "ОО ИЙЕ 
GOON 4.351 3.0 100,33 1.95 OO OO 
0.0124 4.353 22.0 000500715 0 Е. 
О 4% 060 19.0 100.245 1.6 а ЕСЕ 
О. биз 42548 19.0 90 0871 саат ан» 
0.015353 50 19.0 100.251. БЕ ШЕК 
0.9163 24. 20.0 100.05 1263 "А DIES) 
0501714 4. 398 ШЕШ) 99.91 1.44 ЭТА 
0. 9184 44.10 17,0. 100.25 1.431 9.00 а 
090125 494 16:0 99.99 1.55 OO OS 
0 "0205. 4 909 Lo 99.99 1.27 ВОО. 
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TABLE C-30 GRID #4 DATA .40c 


У/С HOTWIRE RMS VELOC  RMS-V NORMALIZED 
(in) (volt) (mV) ЕЕ VELOC SRMS-V 


ать ашо еә «шы «ж-е «ако — = «ли»: «ж «ши» «шы» =— «шқ. «шы «шы. «ша» «ши» ---- — «шк» «жж «шш «шш» — ~ — = = 
ель ань == ень = = = = ель = = = 
- = = = = = _ = = = = a= ә елә о ешь == «ша» «шш = - = = = = _ = = = = == as => — = 


ВО 3.959 102.0 ПАО ОИ ои Xu 72 05 5S 
шише 3,980 25.0 ое 555 07417 0.067 
0.0008 4.008 960 ТАТЫ 6954 0.760 0.067 
0.0010 4.017 S90 1418 БО) 0.766 01062 
(50015 4.058 970 Jl 635 66548 7396 020566 
050016 4.081 93.0 19 в 76565 1.812 0r068 
ШӘШШІ 4.107 90.0 UM. 150096554. 0.1852 0.067 
0.0024 4.123 88.0 52.30 6.46 9.844 (12066 
Оса 4.148 30.0 94.157162. aUE S09 8.069 
ШҮЙ е 4.162 86.0 85.20 6.101108) № 059 
0.0041 4.189 Sie. 0 Ш.Ш 6 7992 70-594 95068 
0 0047 4.211 84.0 95.05 6.55 d. 912 0.067 
> 4.227 80.0 30.2100 6.256 925 0.064 
uUo? 4.253 150 27 .4569 5929 39.945 0.061 
ООО О 4.272 6570 в, 5.4 0.961 0.056 
6 0075 4.289 390 9E. 42808 0,976 0 022 
0 005688 4.299 48.0 SE. e 2204 449840 177040 
= 4.307 ЗО 5,05 3309-0. 9594. 992051 
0.0108 4.318 со т 2274 1.000 №0268 
ПОШТЕ 4.323 260 GS 2717 9000 022 
50129 4.323 210 798 „ето 004 0.018 
ШТО 4.321 2150 ӘП. ӨК CERTO TY OOS 20-018 
NIS] 4.3225 ШЭ 0 518. 959 1 006 901b 
OTTES 4.324 270 9.06. 1542 1:005 0.01» 
0.0175 4.320 Ще, 0 DD Ec 1050250 ТООЛ 0.015 
numo; 4.323 16.0 97.98 1.33 1.004 0.014 
n 4.321 14.0 ОТТО а КЕ: 00-10012 
ШЕШІ) 4.322 16.0 Oo Oo. sek 003000200104 
E225. 4.319 14.0 37:64 ЛЕ h 001 . 70: 0172 
№23 4.317 ВО рас 05999. 0.011 
umo 4.316 Ша 0 97.39 гош 0.998 0.010 
ши Бо 4.317 120 ІН SENI ONE 0.995 0.010 
2102205 4.317 120 Stace 1.0 40.399 0.010 
OSS 4.319 13:0 97.64 1.08 MN 0T 05 01 
Dno. 4.318 1390 90956. 1 От 000 0.011 
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TABLE E UM GRID #4 DATA ,45C 


y/C HOTWIRE  RMS VELOC  RMS-V NORMALIZED 
(ìn) (volt) (mV) (ft/s) (СЕС/е) VELOC RSV 


_ = = = = = — s = = = == _ = = = = = = — = «= = — = = a oe ит» бш» ee = = ешю — = = = = 
— ши» s — «ә «нж. «ши» «жи == ж. == == == == == = -_ = = = = سے سب س‎ = = ит щит = = = _ = = = = = 


0.0005 3.92 ЕКІ 68.92 "09252 1205119 MBPS 
0.0006. 1379752 3550 70.42 6.49 0.735 БВ 
0.0005>” Ж Әр 95-0 11.41 6.29 O. 745 OGG 
200107 737905 94.0 72.81 6.31. 0.060 М6 
0.0013 4.014 90.0 74.57 6:15 ©. ЕО 
0.0016 14.046 90 T6599 6.2] 2 0 99] UP NM 
0.0020 "а Ат 88.0 17.28 617 НОК ПОГОН а 
0.0024 4.072 550 78.62 6.32 09050720 2 0 90150 
0.0029 4.094 87.9 80.19 6.2717 U06 - 
0.0035 24 12 86.0 02.74 6.34 U BO ЕЕ 
0.0041 4.143 82.0 83.78 6.10. Ш7Ала ШЕ 
0.0047 4.165 i7 909 85.28 6.18 09599 а 
0.200055. 24 2 79.0 05.96 5.99 200859 s 52 
050062 4 11 TTO 96.995 5.90 05 92 0 NEUE CI, 
0.0970 391 DX NU 90.52 502517 02945 n 
0.0079. 428 6 2.0 91.87 4,93 09| 
07700089. МАС o 92.90 4.5ТУ ТАС 
020098. 2 d 2151 51 93.55 4.11 705276 Ке 
0.010874 T778 40.0 94.28 3.24 АО М 
U. 0118 доодо SE 95.17 2.69 За то 
020129 4798 26.0 Bon 4419 "2003 9 O 7% 
020140 142298 2:3: 0 99.50 1.88 9 99 BDP 
0.015] 242225 21 95.66 1.12 ПЕ 
0530163 24 293 1620 294.91 1.436 pl o) p n 
070175 знао 150 96.32 1.24 OOS o 
ООВ “35505 14.0 96.48 1.15 100 > 
ООО едра 14.0 96.48 1.15 10 м RON 
СОРТЕ ае qoo 26,32 1.24 E UOS weer: 
90-09225 А5300 1259 36.07 0.99 ВО R e 
070238 m4m ON l2l 96:15 0.9907  ООЗ ГО 
070251 — 4 AM 120 95.53 0.955 ele оК 
0:0265 9.21. IU 955.9599 0.90990 oo ШШЕ 
070278 4 29] ВА 0 39553959 оов, 
070292 4. 00 1.0 I607 О. ООО - n ОО 
0.09305 4.297 Да а 95.035 "0.90 4:0 00 OOS 
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@— — — c — C — co — c O — OO OO O O O O O O O O O O O O O O O O O O O O O 


pc 


(un) 


TABLE C-57 


HOTWIRE 


(volt) 


Joa a мз ыз Ыһ Ы» Ы» Ыз ы» ыз Ы» ыз als als dw Hm Poh hb Hh HP bh hb wm (А бл) CO CO CO CO CO 


RMS 
(mV) 


Фо оо о оо о осо осо оо о CO о O O OCO O O O O O O O O 


VELOC 


(ft/s) 


ВУ 
(ft/s) 


GRID #4 DATA 


Ое 
NORMALIZED 
VELOC RMS-V 
05666990070 
0.680 №5. 053 
0.6082 067 
0 705. 05066 
D. 726. 0. 066 
0.738 0.064 
0.769 © 0.065 
0.782 0 065 
0. 80? 305063 
o gr: Ш/ПОБ 
0. 835 07064 
ЕЕ Во 0.063 
0.868 0.061 
0.879 0.062 
0.9]2> 70 060 
0059259 0059 
0:92 1007056 
(ОНО U OSL 
0.966 0.048 
0.974 0.038 
0.980 0.034 
0.990 0.026 
0.996 0.022 
ШЕ 0901590: 020 
ООО От] 
ШӘ MEO OT 
ООО 
IOI O OIL 
JO. ВОТ 
0 5559 01.00353 
Шота O. 009 
0.997 0.009 
0.994 0.009 
I 000 02 008 
1 00050: 009 
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сос — O O O — P S = = = S 8) Ñ)  G2 ©) < ,> ¿n ¿n (n ¿n Cn (n On O) (n O O: сл су су C" O су 


TARLE CE GRID #4 БАША „22 


y/c HOTWIRE RMS VELOC  RMS-V NORMALIZED 
Cn) (Vo rt) ( mV ) (t/s) (t/s) VELOC RMS-V 


— _- = = ie «шш» = = a = = = _ = = = = == = к “шы = == = = = = = = = = = = = = _ = = = = = 
= = s = «шш» - = = = = = о سے س‎ == = = = = = _ = = = = _ = = = = = = = = == == 


0:0005.- 3: 756 NEIN 58.40 6.46 0.632 0.070 
020005222278 Б ШІН 60.006, 6.42 0.650 je рис D) 
0.0008 Зоо 6272 T 806-1 070015 (00006) 
0.0010 3:52 ЕШ 63.29 65525 TORG TORTUES 
0.0013 .39097 Ои 66.25. 6.46 ше пп лошо 
0.0016 3 2099 NN 9 660,30 7 5. 20 EL CUN EC 
070020 IS 29.0 68554" Б.-6. №1142 100+ 
0.00274 739950 96.0 69.91 65,22 5 ШЕН 
0.0029 3763 94.0 71:94 6.23 0.774 t 0 067 
0.0035 319372 SX c0 T7300 6713 20:7 7:3 Who s. 
0.0041 3.9968 22-30 13.49 6. 22 РЕ ЭШЕ” 
0.0047 402, 88.0 79.47 6.07 ІТ ИГЕ 
0.0055 4.048 84.0 75.93 5.097 1 ес 37 пее 
0.0052 47090 79:0 79.98 5.66 UGGS OT 
0.0070 ЗИ Uso 01.72 5.63 2 бба NUMEN 
0.0079 42254 L0 83.48 5.27 ЗОВЕ 
0.005656 А 57.9 84.53 5.02 2091599] 7/13 
0.0098 4.180 70.0 86.57 5.33 ОВА mO n 
0. 0105. Ра по o1 00 97.95 4.70 505952 1 0051 
0.011893 20. 96:0 06,52 4.33 ОРО ОНОМЕ 
ОО З 2 46.0 G0. 205 3.6] СЕС 
0.0139. 4.237 41.0 90.99 3.24 9 О - 
0.0151 ¿4.248 5:4 О 91587 92.71 20 994 0 03 
0.0163 4.245 S00 91.6927" 2.90 EDS EMEND до 
ООО ри 25 0 92.10 1.39 Эт ат ат2 
0.018687 AIS 20 0 92,26 1,60 1 ЭСТЕ 
0.9200 4,256 JO O 92.50. 1.44 ` 1.001 ое 
00212 4250 15.0 92.66 1.20 ОО Oo Ио 
070225. 24 260 12.0 2402 0.96 E O0 ND 
010238. 457 11. 0 92.18 0.88 2320599 MUS 
00251. 45201 11.0 92.58 0.88 TOO 0 5 
0.0265 4.258 120 92.66, 0.96 TOO DD 
0 "0278 4m2 100 92.42 0.80 F000 ОИ 
0.0292 4425 10.0 92.958:20.805 210027. 90. 09 
00305. 124925255 то. 0 92.42 0. 0. ОО» 
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TABLE C=34 GRID #4 DATA .60c 


y/c HOTWIRE  RMS VELOC RMS-V NORMALIZED 
(in) (volt) (му) TS II SI VELOC ENS VY 


_ = = = = = ч» кю == чш» oe oe ешь алло = “ s s oe — — – = s = _ – = = «ме» чан. — => => = 
чинь ано тш тшт тш «шш» — омы» «ши» 0 — «ии: — a «ши» «шы» سے سس‎ «шш» — a = = = 


и ж = s s _ = = = = = 


ШОШО 3.729 118.0 So речен 6:72 0/5 012 
move 3.763 113.0 309.90 6.50 0.648 #6. 071 
ВО 3.783 114.0 Е. 6-60 70.606 0.073 
0009 3.794 109.0 СОО ОСА 00663 20.070 
NEOUOUTT 3.806 109.0 Glee 6-46 39.670. 05.071 
ҮЙІР 3.817 105.0 ое? №677 чи. 069 
wore 3.833 102.0 pO 6 U66, UOT 
ОШО 3.851 29 0 64.02 6.065 0-700 0.066 
0025 3.888 101.0 ОЕ В о зе 0.125 №0069 
МЕСО 3.917 9970 Dcos OO. ser 0.745 50069 
0.0065 3.920 39.0 6635S 0.00 0.747 0.000 
0500565 3.935 390 E. 982 6.32 0.758 0.070 
ШОШ 3,962 У. 0 p.006 54. 0.777 0.069 
ВОО 4.001 55.0 J569 6.64 30906 0.073 
МО 4.014 OZ...) anne (eG ы 515 0.069 
00062 4.029 92.0 о S 0 627) 0.069 
G 00069 4.049 990 ШІ.Ша 622270842 0.068 
OUT 4.063 84.0 De. ЗЕ шоо ә) 859 0.065 
50035 4.103 70.0 910.20. 9565 70-586 0.062 
О? 4.123 7626 ӘӘ БС 0.00 0.061 
ВЕ 4.145 O0 в о о 0.052 
ШЕ 4.157 Таға ВА ЕП 92070700055 
ШЕШ 4.189 29520 6 3. 993 0. 049 
Merz? 4.193 60.0 Ве 61.20 957 ороо 
070056 4.200 оо ВОЗ. 9960. 963 39043 
050126 4.212 43.0 89.03 Saget’ Omega) 0.037 
ЕО 4.221 on. 0 О 607 0085170: 03 
0169 4.228 31.0 202.227 442204957 0,027 
NOTIS 4.231 250 DoS D M O0 D...0 22 
MEMO 4,235 25.0 IW 1.90 527759770 022 
ВО: 34.241 20.0 He cq 1450 O SSO O. OL 
ПИТА 4.242 16.0 SST AS 09 OO! 

Пе 4.243 1520 алы do 90D 0.013 
uus 4.239 190 О ОНИ ОВОО 0 a9 l 
9296 4.239 1 20 УРА ОУ ЗЕ 9.019 
0.0258 4.240 12.0 Sue se 0.00 
meo270 4.239 12.0 391 1520 5505. 0.910 
ОШО? ОГУ 4.240 10.0 Seve Sg OIG) NM Onis 
5293 + 4.242 11а 9 ВО О 0020 
ОО» 4.243 4.1551) т 67 49009 — 0:071 0 


В 


ТАБ ` GRID 44 DATA .65c 


SAC HOTWIRE RHS VELOC  RMS-V NORMALIZED 
(in) (volt) (mV) (ft/s) (ft/s) VELOC EMS vV 


0.0005. 3:600 rs | 24.44 65.69 0.6501 О 
0.0006... 3.725310 559 56.53 б АЗОО Сг БИО 
0.0006 3. 156 pl ll 28.97 6.49110. 651 00:1 
0.0010 Зо 1 59,15 6.41 O GSS OT 
0.0013 3.790 NUBE 50.84 16.37 0.612190 
0.0016 3 таси 61.79 6.20 0 66330166 
0.0020 - 3.062 TOD 62.571 6.26 OOO еще 
0.0024 - 332949 902.00 63.90 60723. ОРО РО ИЕ 
0.0029. 329529093 09 64.88 6.42 10.717 т 
0.0055 399959 995 19 66,38 6.475 0.755; 005 71 
0.0041 3702 ЛС ЕЕЕ ІІ 60.22 6. 13 0:754 Ша ША 
0.0047 . 399 ЛОВА 69.12 6,53 сла” 
О ООо РЕЗЕ 38 0 71.21 5.485 ХОТО а 
00062. “sea 95:9 73.090 7.6.4000. 00 OT 
0.0070 402 33.0 74:44 6/35 0.8622 05 0 
0.09079 А 0 91320 76.86. 6,36 Ш. О 
0.0088 4.055 ОТ 00 77.42 6-119250. 855 ШАЙЫ 
0. 0098 a 0T Ша 80.41 5.700590. 580 то Ооо 
0. 090. АСАД 74.0 92.74 5.40600 914 NE DUI 
О РО ата лан о о 74.0 83.48 5.490 UO 
ОР ОНО Ары] 64.0 85.35 4:63 1 и 
О. 0140 ах о 5.7 sat 97.18 4,37 “779303 pO ЕС 
0:0151 4.798 52 0 87.41 3.99 99-365 тоа 
0.0163 4n 200 44.0 68.26. 3.40 20997 0 UE QUE 
D201 75. 4.215 40.0 89.50 5» 3.12 ^80 969 та Ша 
0 0157 4,77 S12 89.713 2.4210. 9010121 
О. 9290’ 422726 2890 90:13 2. 20 аа туа 
(440212 421 2 5) $0.52 ВЕТ: MEUS) 
0225. АТЕВ | 90.68 1.50 EDO 
070238 7422409 17.0 91.07 1.34 ООСС У 
0.0251 “422 9 Jo. 91.15. 1.19 DO MENS 
050265 А236 14.0 91.07 .1.11 ООШ 
00278 4:1 J 30.52. 0.94 то 
050292 41295 11.0 90.68 О-У ОЛ 0 
ро 0305 4230 12.0 90.52 —0.94 1 1. 000 ND T0 
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APPENDIX D PROGRAM TRAVERSE 


1000 REM жжжжжжжжжжжжж РКОСКАМ TRAVERSE жжжжжжжжжжжжжжжжжжж 

1010 КЕМ 

1020 КЕМ OPEN THE COM PORT AND INITIALIZE THE MOTOR SETTINGS 
1030 OPEN "com1:1200,n,8,1,rs,cs,ds,cd" AS #1 

1040 REM SET MOTOR DEFAULT VALUES 

1050 DATA 1000,1000,1000,2,2,2,0.000125,0.000125,0.000125 

1060 READ V1,V2,V3,R1,R2,R3,C1,C2,C3 

1070 DIM Z(100),Z1(100), HWV(100),RMS(100), VEL(100), NDVEL(100), VRMS(100) 
1080 PI=3.141592654# 

1090 REM DEFINE CHARACTERS FOR DATA REDUCTION ALGORITHM 
1100 RN2$="RENAME A:MOTOR.DAT " 

1110 RN3$="RENAME A:CALCDAT.DAT " 

1120 EX$-".DAT" 

1130 ID2$-" RAW" 

1140 ID3$="CAL" 

1150 PRINT 


1160 PRINT tk 3k 5k 3k 3k Kk 3 ok ok k ok oko ok okeok ok oko oko ok ok ook R KR OR R R KR R R OR R OR OR OR R OR OR ojo" 


1170 PRINT "** USER MUST SELECT 'CAPS LOCK' FUNCTION **" 


1180 PRINT ижжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжж!"! 


1190 КЕМ DISPLAY MOTOR DEFAULT SETTINGS 

1200 PRINT " жжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжж" 

1210 PRINT " INITIALIZED VALUES FOR ALL MOTOR SETTINGS:” 

1220 PRINT " VELOCITY = 1000 STEPS/SEC" 

1230 PRINT " RAMP(MOTOR ACCELERATION) 2 2 (6000 STEPS/SEC^2)" 

1240 PRINT " DEFAULT INCREMENTAL UNITS ARE INCHES" 

1250 PRINT " жжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжж" 

1260 PRINT 

1270 PRINT "DO YOU WANT TO INPUT YOUR OWN INCREMENT EACH TIME OR 
HAVE THE" 


1280 PRINT "COMPUTER COMPUTE MOVEMENTS THROUGH A BOUNDARY 
LAYER FOR YOU ?" 

1290 PRINT 

1300 PRINT "n жжжжжжжжжж МОТЕ жжжжжжжжжжжжж!! 

1310 PRINT "FOR COMPUTED BOUNDARY LAYER MOVEMENT, YOU MUST 
KNOW: 

1320 PRINT " 1. WHICH MOTOR WILL MOVE THE APPROPRIATE 
DIRECTION." 

1330 PRINT " 2. HOW THICK (IN INCHES) IS THE B.L. 

1340 PRINT " 3. HOW MANY DATA COLLECTION POINTS DO YOU WANT 


IN THE B.L." 
1350 PRINT " жжжжжжжжжжжжжжжжжжжжжжжжжжжжж" 
1360 PRINT 


1370 PRINT "NOTE! USE MANUAL CONTROL TO INITIALIZE PROBE 
POSITION BEFORE" 


1380 PRINT " SELECTING COMPUTER CONTROLLED MOVEMENT. ч 

1390 PRINT 

1400 INPUT "MANUAL CONTROL OR COMPUTER CONTROL (ENTER 'MAN' or 
'СР’)";С ОМ 


1410 IF CON$="CP" THEN 3200 

1420 REM OPTION TO CHANGE DEFAULT SETTINGS OF VELOCITY OR 
ACCELERATION RAMP 

1430 PRINT 
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1440 PRINT 
1450 PRINT " DO YOU WANT TO CHANGE THE VELOCITY OR 
ACCELERATION RAMP" 
1460 PRINT " DEFAULT SETTINGS? (Y or N)" 
1470 PRINT 
1480 PRINT "IF 'NO', THIS PROGRAM WILL THEN LET YOU DEFINE THE" 
1490 PRINT "DISTANCE YOU WANT TO MOVE (IN INCHES). IF YES," 
1500 PRINT "YOU CAN CHANGE ANY OR ALL OF THE DEFAULT SETTINGS 
FOR ANY MOTOR.” 
1510 PRINT 
1520 PRINT 
1530 PRINT 
1540 INPUT "DO YOU WANT TO CHANGE ANY OF THE DEFAULT 
SETTINGS? (Y or N)";D$ 
1550 IF D$="Y" THEN 1590 
1560 IF D$="N" THEN 2220 
1570 REM 
1580 REM **** OPERATOR SELECTED MOTOR VARIABLES ***** 
1590 PRINT 
1600 PRINT 
1610 INPUT "WHICH DEFAULT VALUE? (ENTER ’1?7FOR VELOC OR ’2’ FOR 
ACCEL RAMP)’;L 
1620 ON L GOTO 1690,1930 
1630 PRINT "DO YOU WANT TO CHANGE THE DEFAULT VELOCITY? (Y OR 
N)" 
1640 INPUT V$ 
1650 IF V$="Y" THEN 1690 
1660 PRINT "DO YOU WANT TO CHANGE THE DEFAULT ACCELERATION 
RAMP? (Y or N)" 
1670 IF R$="Y" THEN 1990 
1680 IF R$="N" THEN 1450 
1690 PRINT 
1700 PRINT 
1710 INPUT "WHICH MOTOR VELOCITY DO YOU WISH TO CHANGE? (1,2, or 
3) ;Ј 
1720 ОМ Ј СОТО 1730,1830,1880 
1730 PRINT 
1740 PRINT 
1750 INPUT "ENTER DESIRED VELOCITY OF MOTOR £1";V1 
1760 PRINT 
1770 PRINT 
1780 PRINT 
1790 PRINT "DO YOU WANT TO CHANGE VELOCITY OF ANOTHER MOTOR? 
(Y OR N)" 
1800 INPUT V$ 
1810 IF V$="Y" THEN 1690 
1820 IF V$="N" THEN 1430 
1830 PRINT 
1840 PRINT 
1850 INPUT "ENTER DESIRED VELOCITY OF MOTOR 2";V2 
1860 PRINT 
1870 GOTO 1780 
1880 PRINT 
1890 PRINT 
1900 INPUT "ENTER DESIRED VELOCITY OF MOTOR #3";V3 
1910 PRINT 
1920 GOTO 1780 
1930 PRINT 
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1940 PRINT 

1950 INPUT Sere MOTOR ACCEL RAMP DO YOU WANT TO CHANGE? (1, 
2, ог 3)"; 

1960 ON K GOTO 1970,2060,2120 

1970 PRINT 

1980 PRINT 

1990 INPUT "ENTER DESIRED ACCELERATION RAMP OF MOTOR #1';R1 

2000 PRINT 

2010 PRINT 

2020 PRINT "DO YOU WANT TO CHANGE THE ACCEL RAMP OF ANOTHER 
MOTOR? (Ү ог №)?" 

2030 INPUT RM$ 

2040 IF RM$-"Y' THEN 1930 

2050 IF RM$="N" THEN 1450 

2060 PRINT 

2070 PRINT 

2080 INPUT "ENTER DESIRED ACCELERATION RAMP OF MOTOR #2";R2 

2090 PRINT 

2100 PRINT 

2110 GOTO 2000 

2120 PRINT 

2130 PRINT 

2140 INPUT "ENTER DESIRED ACCELERATION RAMP OF MOTOR #3";R3 

2150 PRINT 

2160 PRINT 

2170 GOTO 2000 

2180 REM 

2190 REM DEFINE DISTANCE TO MOVE MOTOR 

2200 PRINT 

2210 PRINT 

2220 PRINT 

2230 REM INITIALIZE MOTOR INCREMENTS TO ZERO 

2240 11=0 

2250 12=0 

2260 13=0 

2270 PRINT 

2280 PRINT и жжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжж"!! 

2290 PRINT "** DEFINE WHICH MOTOR YOU WANT TO MOVE ыы 

2300 PRINT " ** и 

2310 PRINT " ** NOTE!!!) A POSITIVE (+) INCREMENT TO A MOTOR **" 

2320 PRINT " ** MOVES TRAVERSER AWAY FROM THAT PARTICULAR 


MOTOR 

2330 PRINT " ** b 

2340 PRINT " ** -- MOTOR #1 MOVES THE PROBE UPSTREAM AGAINST 
THE FLOW **" 

2350 PRINT " ** -- MOTOR #2 MOVES THE PROBE TOWARD THE ACCESS 


WINDOW **" 
2360 PRINT " ** -- MOTOR #3 MOVES THE PROBE VERTICALLY 
DOWNWARD s 


2370 PRINT tt жжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжж" 


2380 PRINT 

2390 PRINT 

2400 INPUT "WHICH MOTOR DO YOU WANT TO MOVE? (1,2, or 3)";L 
2410 ON L GOTO 2420,2530,2600 

2420 PRINT 

2430 PRINT 

2440 PRINT "HOW FAR DO YOU WANT TO MOVE MOTOR #1?" 

2450 PRINT " *****#**** (ENTER DISTANCE IN INCHES) *****##*##° 
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2460 INPUT I1 

2470 PRINT 

2480 PRINT 

2490 PRINT "DO YOU WANT TO MOVE ANOTHER MOTOR ALSO? (Y ог №?" 
2500 INPUT C$ 

2510 IF C$="Y" THEN 2370 

2520 IF C$="N" THEN 2670 

2530 PRINT 

2540 PRINT 

2550 PRINT "HOW FAR DO YOU WANT TO MOVE MOTOR #2?" 
2560 PRINT " ********* (ENTER DISTANCE IN INCHES) ********#" 
2570 INPUT I2 

2580 PRINT 

2590 GOTO 2480 

2600 PRINT 

2610 PRINT 

2620 PRINT "HOW FAR DO YOU WANT TO MOVE MOTOR #3?" 
2630 PRINT " ********* (ENTER DISTANCE IN INCHES) **eeeeeer 
2640 INPUT I3 

2650 PRINT 

2660 GOTO 2470 

2670 PRINT 

2680 PRINT 

2690 REM DISPLAY OPERATOR SELECTED MOTOR VARIABLES 


2700 PRINT" ЖЖ ЖЖЕЖ k je F k sje K R K sje KR RR K KOR Rk R je R R R je sje ke ojo"! 


2710 PRINT 

2720 PRINT "SUMMARY OF OPERATOR INPUTS:" 

2730 PRINT " MOTOR #1 VELOCITY = ";V1 

2740 PRINT " ACCELERATION RAMP = ";R1 

2750 PRINT " INCREMENTAL DISTANCE = ";11;" INCHES" 
2760 PRINT " MOTOR #2 VELOCITY = ";V2 

2770 PRINT ` ACCELERATION RAMP = ";R2 

2780 PRINT " INCREMENTAL DISTANCE = "112; INCHES" 
2790 PRINT " MOTOR #3 VELOCITY = ";V3 

2800 PRINT " ACCELERATION RAMP = °;R3 

2810 PRINT " INCREMENTAL DISTANCE = I3; INCHES" 
2820 PRINT 

2830 PRINT" жжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжж" 

2840 PRINT 

2850 PRINT 


2860 PRINT "DO YOU WANT TO CHANGE ANY OF THESE VALUES? (Y or N)" 2870 

PRINT 

2880 PRINT "ENTER 'N' TO START MOTOR MOVEMENT. ENTER 'Y TO 

RETURN" 

2890 PRINT "TO VARIABLE SELECTION SUBROUTINE." 

2900 INPUT V$ 

2910 IF V$="Y" THEN 1430 

2920 GOSUB 3130 

2930 PRINT 

2940 PRINT 

2950 INPUT "DO YOU WANT TO INPUT ANOTHER MANUAL MOTOR 
MOVEMENT (Y or N)';M$ 

2960 IF M$="Y" THEN 2210 

2970 PRINT 

2980 PRINT "DO YOU WANT TO INPUT COMPUTER CONTROLLED MOTOR 
MOVEMENT?" 

2990 PRINT " жжжжжжжжж NOTE!!! жжжжжжжжж " 
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3000 PRINT " ALL PREVIOUS MOTOR INCREMENT INPUTS HAVE BEEN 

3010 PRINT "PROGAM WILL LET YOU CHOOSE MANUAL OR 
CP-CONTROLLED B.L. MOVEMENT." 

3020 PRINT "***** (IF 'NO', THE PROGRAM WILL END). *****" 


3030 PRINT 

3040 INPUT "DO YOU WANT COMPUTER CONTROLLED MOTOR MOVEMENT 
(У ог N)";N$ 

3050 IF N$="Y" THEN 1290 

3060 PRINT 

3070 PRINT 

3080 PRINT 

3090 PRINT a жжжжжжжжжжжжжжжжжжжжжжжжжжжж"! 

3100 PRINT " THE PROGRAM HAS ENDED.” 

3110 PRINT Ju жжжжжжжжжжжжжжжжжжжжжжжжжжжж"! 

3120 END 


3130 REM  ******* MOTOR MOVEMENT SUBROUTINE ********* 

3140 PRINT #1, "&" :PRINT #1, "E";"C1=";C1;":C2=":C2;":C3=";C3 

S150 PRINT #1, "I1z":11; :V1z V1; :R1-;RI1; 

3160 PRINT #1, ":12-":12;":V2z",V2;":R2-";R2 

SNO PRINT #1, 13="313; :V3=":V3;":R3=";R3,":@" 

3180 RETURN 

3190 REM жжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжж 

3200 PRINT 

3210 REM ******* COMPUTER CONTROLLED BOUNDARY LAYER 
MOVEMENT жжжжжжж 

3220 PRINT 

3230 PRINT "BOUNDARY LAYER AND HOTWIRE DATA WILL BE WRITTEN 

TO TWO SEPARATE" 

eee RINT " FILES ON DRIVE ’A’ NAMED  ***RAW.DAT' AND '***CAL.DAT" 3250 

PR 

3260 PRINT "YOU WILL BE ASKED TO INPUT FILE NAMES FOR THESE.” 

3270 PRINT 

3280 INPUT "IS A FORMATTED DISK IN DRIVE ’A” PRESS ’ENTER’ TO 
CONTINUE";D$ 

3290 PRINT 

3300 INPUT "ENTER ’RAW DATA FILE NAME (5 CHARACTERS MAX -- NO 
EXTENSION)"; F2$ 

3310 PRINT 

3320 INPUT "ENTER ’REDUCED’ DATA FILE NAME (5 CHAR MAX - NO 
EXTENSION)";F3$ 

3330 PRINT 

3340 PRINT 

3350 FI2$=(F2$+1D2$+EX$) 

3360 FI3$=(F3$+I1D3$+EX$) 

3370 PRINT "THE ’RAW’ DATA FILE FOR THIS RUN WILL BE ";Е12$ 

3380 PRINT 

3390 PRINT "THE 'CALCULATED' (REDUCED) DATA FILE WILL BE ";FI3$ 

3400 PRINT 


3410 PRINT 
3490 PRINT " жжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжж" 
3430 PRINT"  ** NOTE !!! жж" 


3440 PRINT" ** COMPUTER CONTROLLED BOUNDARY LAYER **" 
3450 PRINT" ** MOVEMENT IS PROGRAMMED WITH A **" 
3460 PRINT" ** DEFAULTED NEGATIVE MOTOR INCREMENT **" 
3470 PRINT"  ** (ie. MOTOR #3 WILL MOVE UPWARD  **' 

3480 PRINT" ** BY ENTERING A (+) B.L. DISTANCE). **° 


3490 PRINT ` жжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжжж" 
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3500 PRINT 

3510 REM SET INITIAL BL HEIGHT AND NUMBER OF DATA POINTS TO 0 

3520 N=0 

3530 BL=0 

3540 PRINT 

3550 INPUT "ENTER ESTIMATED INITIAL POINT DISTANCE ABOVE 
SURFACE (INCHES)";ZIP 

3560 PRINT 

3570 INPUT "WHAT IS THE B.L. THICKNESS (IN INCHES) THAT YOU WANT 

TO MEASURE";BL 
3580 PRINT 
3590 INPUT "HOW MANY DATA POINTS DO YOU WANT TO SAMPLE IN THE 
B.L.";N 

3600 PRINT 

3610 INPUT "WHICH MOTOR WILL MOVE YOU THROUGH THE B.L. (1,2, or 
3)";MN 

3620 ON MN GOTO 3630,4280,4920 

3630 PRINT 

3640 PRINT 

3650 REM MOTOR 1 CP-CONTROLLED MOTOR MOVEMENT 

3660 Z(1)=0 

3670 11=0 

3680 І2-0 

3690 ІЗ-0 

3700 FOR J-1 TO N 

3710 IF Jz1 THEN 3750 

3720 Z(J)-BL*(1-(SIN(PI/2*(1-(J/N)))) 

3730 Z1(J)2Z(J)-Z(J-1) 

3740 I1 - -Z1(J) 

3750 PRINT 

3760 PRINT 

3770 PRINT 

3780 PRINT M xk ok ok ok ok ook ok ok ok ok ok ok ok ok ok KR R K 3 E 2k afc akc tt 

3790 PRINT 

3800 PRINT" DATA POINT ";J 

3810 PRINT 

3820 GOSUB 3130 

3830 PRINT 

3840 INPUT "ENTER HOTWIRE VOLTAGE";HWV(J) 

3850 PRINT 

3860 INPUT "ENTER RMS VOLTAGE";RMS(J) 

3870 PRINT 

3880 IF J=N THEN 3910 

3890 INPUT "PRESS ’ENTER FOR NEXT MOVEMENT";:MOVE$ 

3900 NEXT J 

3910 PRINT "ALL MOVEMENTS COMPLETE" 

3920 OPEN "A:\MOTOR.DAT" FOR OUTPUT AS #2 

3930 REM OPEN ’RAW’ DATA FILE 

3940 PRINT #2, BL DISTANCE", "HW VOLTS”,’RMS VOLTS” 

3950 DF2$=RN2$+FI2$ 

3960 FOR J=1 TO N 

3970 PRINT #2, Z(J)-ZIP,HWV(J),RMS(J) 

3980 NEXT J 

3990 CLOSE #2 

4000 REM RENAME ’RAW’ DATA FILE 

4010 SHELL DF2$ 

4020 REM OPEN ’CALCULATED’ DATA FILE 

4030 OPEN "A:\CALCDAT.DAT" FOR OUTPUT AS #3 
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4040 PRINT £3, "NORM DIST","UMEAN","URMS","N/D VEL", N/D RMS” 

4050 DF3$=RN3$+FI3$ 

4060 FOR J=1 TO N 

4070 REM **** USE CALIBRATION CURVE EQUATION ********* 

4080 VEL(J) = 1.316021*(HWV(J)^3.14759) 

4090 REM **** USE CALIBRATE CURVE SLOPE ***** 

4100 VRMS(J) 2 4.1423*(HWV(J)^2.14659)*RMS(J) 

4110 NEXT J 

4120 FOR J=1 TON 

4130 PRINT #3, (Z(J}+ZIP)/10, VEL(J), VRMS(J), VEL(J)/VELLN), VRMS(J)/VEL(N) 

4140 NEXT J 

4150 CLOSE #3 

4160 REM RENAME ’REDUCED’ DATA FILE 

4170 SHELL DF3$ 

4180 PRINT 

4190 PRINT 

4200 PRINT "YOU WANT TO REPOSITION TRAVERSER FOR ANOTHER 
MOVEMENT (Y OR №)?" 

4210 PRINT 

4220 PRINT "IF 'Y', THE PROGRAM WILL TAKE YOU TO MANUAL CONTROL 
SUBROUTINE." 

4230 PRINT "IF ’N’, THE PROGRAM WILL END." 

4240 PRINT 

4250 INPUT "ANOTHER MOVEMENT";R$ 

4260 IF R$ = "Y" THEN 1360 

4270 IF R$ = "N" THEN 3060 

4280 PRINT 

4290 PRINT 

4300 REM CP-CONTROLLED MOTOR MOVEMENT FOR MOTOR 2 

4310 Z(1)=0 

4320 11=0 

4330 12=0 

4340 I320 

4350 FOR J=1 TO N 

4360 IF J=1 THEN 4400 

4370 Z(J)=BL*(1-(SIN((PI/2)*(1+(J/N))))) 

4380 Z1(J)=Z(J)-Z(J-1) 

4390 I2 z -Z1(J) 

4400 PRINT 

4410 PRINT 

4420 PRINT 

4430 PRINT " КИКИ" 

4440 PRINT 

4450 PRINT " DATA POINT '";J 

4460 PRINT 

4470 GOSUB 3130 

4480 PRINT 

4490 INPUT "ENTER HOTWIRE VOLTAGE" HWV(J) 

4500 PRINT 

4510 INPUT "ENTER RMS VOLTAGE";RMS(J) 

4520 PRINT ` 

4530 IF J=N THEN 4560 

4540 INPUT "PRESS ENTER FOR NEXT MOVEMENT';MOVES$ 

4550 NEXT J 

4560 PRINT "ALL MOVEMENTS COMPLETED" 

4570 REM OPEN ’RAW’ DATA FILE 

4580 OPEN "A:MOTOR.DAT" FOR OUTPUT AS #2 

4590 PRINT #2,” BL DISTANCE", "HW VOLTS", "RMS VOLTS” 
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4600 DF2$=RN2$+FI2$ 

4610 FOR J=1 TO N 

4620 PRINT #2, Z(J)+ZIP,HWV(J),RMS(J) 

4630 NEXT J 

4640 CLOSE #2 

4650 REM RENAME ’RAW’ DATA FILE 

4660 SHELL DF2$ 

4670 REM OPEN 'REDUCED' DATA FILE 

4680 OPEN "A: CALCDAT.DAT" FOR OUTPUT AS #3 

4690 PRINT 43, "NORM DIST","UMEAN' ,"URMS","N/D VEL","N/D RMS" 

4700 DF3$=RN3$+F13$ 

4710 FOR J-1 TO N 

4720 REM **** USE CALIBRATION CURVE EQUATION *****#*** 

4730 VEL(J) = 1.316021*(HWV(J)%3.14759) 

4740 УКМ5(Ј) = 4.1423*(НҰУ(Ј)^2.14659)*КМ5(Ј) 

4750 МЕХТ Ј 

4760 FOR J=1 TO N 

4770 PRINT $3, (Z(J)*ZIPY/10, VELO), VRMS(J),VELO)/VELON),VRMS(Q)/VEL(ON) 

4780 NEXT J 

4790 CLOSE #3 

4800 REM RENAME ’REDUCED’ DATA FILE 

4810 SHELL DF3$ 

4820 PRINT 

4830 PRINT 

4840 PRINT “YOU WANT TO REPOSITION TRAVERSER FOR ANOTHER 
MOVEMENT (Y OR N)?";R$ 

4850 PRINT 

4860 PRINT "IF 'Y, THE PROGRAM WILL TAKE YOU TO MANUAL CONTROL 

SUBROUTINE." 

4870 PRINT "IF 'N', THE PROGRAM WILL END." 

4880 PRINT 

4890 INPUT "ANOTHER MOVEMENT";R$ 

4900 IF R$ = "Y" THEN 1360 

4910 IF R$ = "N" THEN 3060 

4920 PRINT 

4930 PRINT 

4940 REM CP-CONTROLLED MOTOR MOVEMENT FOR MOTOR 3 

4950 Z(1)=0 

4960 11=0 

4970 12-0 

4980 ІЗ-0 

4990 FOR J=1 TO N 

5000 IF J=1 THEN 5040 

9010 Z(J)=BL*(1-(SIN((PI/2)*(1+(J/N))))) 

5020 Z1(J)=Z(J)-Z(J-1) 

5030 13 = -Z1(J) 

5040 PRINT 

5050 PRINT 

5060 PRINT 

5070 PRINT " жжжжжжжжжжжжжжжжжжжжжжжж"! 

5080 PRINT 

0090 PRINT " DATA POINT "3J 

5100 PRINT 

5110 GOSUB 3130 

5120 PRINT 

5130 INPUT "ENTER HOTWIRE VOLTAGE";HWV(J) 

5140 PRINT 

5150 INPUT "ENTER RMS VOLTAGE":RMS(J) 
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5160 PRINT 

5170 IF J=N THEN 5200 

5180 INPUT "PRESS ’ENTER’ FOR NEXT MOTOR MOVEMENT"';MOVE$ 

5190 NEXT J 

5200 PRINT "ALL MOVEMENTS COMPLETED" 

5210 REM OPEN ’RAW’ DATA FILE 

5220 OPEN "A:\MOTOR.DAT" FOR OUTPUT AS #2 

5230 PRINT 82,"BL DISTANCE”, "HW VOLTS", "RMS VOLTS” 

5240 DF2$=RN2$+F12$ 

5250 FOR J=1 TO N 

5260 PRINT #2, Z(J)+ZIP,HWV(J), RMS(J) 

5270 NEXT J 

5280 CLOSE #2 

5290 REM RENAME ’RAW’ DATA FILE 

5300 SHELL DF2$ 

5310 REM OPEN ’REDUCED’ DATA FILE 

5320 OPEN "A:NCALCDAT.DAT" FOR OUTPUT AS #3 

5330 PRINT #3, "NORM DIST", "UMEAN”", "URMS", "N/D VEL", "N/D RMS" 

5340 DF3$=RN3$+FI3$ 

5850 FOR J=1 TO N 

5360 REM **** USE CALIBRATION CURVE EQUATION ********* 

5370 VEL(J) = 1.316021*(HWV(J)^3.14759) 

5380 VRMS(J) = 4.1423*(HWV(J)^2.14659)*RMS(J) 

5390 NEXT J 

5400 FOR J=1 TO N 

5410 PRINT $3, (Z(J)* ZIP/10, VEL(J),VRMS(J), VEL(O)/VELON),VRMS()/VEL(N) 

5420 NEXT J 

5430 CLOSE #3 

5440 REM RENAME 'REDUCED' DATA FILE 

5450 SHELL DF3$ 

5460 PRINT 

5470 PRINT 

5480 PRINT "YOU WANT TO REPOSITION TRAVERSER FOR ANOTHER 
MOVEMENT (Y OR N)?";R$ 

5490 PRINT 

5500 PRINT "IF "С, THE PROGRAM WILL TAKE YOU TO MANUAL CONTROL 
SUBROUTINE.” 

5510 PRINT "IF ’N’, THE PROGRAM WILL END." 

5520 PRINT 

5530 INPUT "ANOTHER MOVEMENT":R$ 

5540 IF R$ = "Y' THEN 1360 

5550 IF R$ = "N" THEN 3060 
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